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INTRODUCTION. 


In 1889, while Assistant State Geologist of New Jersey, the 
writer challenged the then generally accepted theory of the sedi- 
mentary origin of the New Jersey magnetic iron ores and their 
rock hosts. Whether the above challenge* was the cause of a 
complete change of opinion on the above subject matters but 
little. The fact remains that in the succeeding thirty-three years 
few if any geologists today advocate the sedimentary theory of 
the origin of these ores and their rocks. So far as the writer 
knows, the only exception to the igneous classification of these 
rocks is the white limestones of the Grenville and their im- 
mediately associated gneisses and quartzites. Even at the date 
of the publication of the above paper, the writer was by no means 
of the opinion that the question was one sided, simply that there 
was no tangible proof to support either side. After thirty-four 
years of experience in these rocks and ores opinion has merely 
changed front and with little or no more tangible proof than ex- 
isted before in the support of the sedimentary theory. Much has 
been written and by able and distinguished geologists, but the 
arguments are almost wholly in support of the igneous origin 
of both ore and rocks. 

The writer is under no illusions that the present paper will 
settle the question; he does hope, however, that it will give the 


advocates of the igneous origin data that have been lightly passed 
1 Published in the Annual Report of the State Geologist for 1890. 
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over if not ignored. The student of these problems is generally 
confined to two dimensions, area alone; the mining geologist has 
not only to study area most carefully but is compelled to forecast 
the third dimension volume. 


RECOGNIZABLE ROCKS. 


There is little difficulty, even to the tyro, in the recognition of 
such rocks as the gabbros, anorthosites, syenites and the Gren- 
villes in an unmodified form, and all of these rocks do occur in 
this manner. But, unfortunately, there are classes of rocks, 
evidently highly metamorphosed and thus derivatives, but from 
what primal type? All except the Grenvilles are typically mas- 
sive, but, when foliated, assume a gneissic structure; when meta- 
morphosed, if it can be definitely proved that they are meta- 
morphosed, what was the original form? 

The Gabbros.—Typically, these are massive rocks, ranging 
from coarse to fine-grained texture. Outcrops usually have a 
pitted, mottled appearance, due to the results of uneven weather- 
ing of the component minerals. Their color is dark green to 
black and with more or less greasy luster. In the metamorphosed 
form, the writer has repeatedly observed a typical, massive gabbro 
changed to a decidedly gneissic structure, with the labradorite 
feldspar altered to a chalky white color, and the hypersthene or 
pyroxene minerals changed to biotite. The derivative is so 
wholly different from the original rock that only a visual transi- 
tion from the massive to the gneissic form would be convincing. 
The massive gabbro first appears with stretched minerals, these 
change to distinct folia, the last phase, to what appears to be a 
complete metasomatic alteration. The shear may be a few inches 
or it may be many feet in thickness. The convincing fact is that 
the process is reversed, the folia passing from biotite to stretched 
minerals and these again into massive gabbro. The above has 
been observed in outcrops; in diamond drill cores, the core shows 
the passage from massive to metamorphic and reverse; and this 


may be repeated many times in a gabbro of several hundred feet 
in thickness. 











ADIRONDACK MAGNETIC IRON ORES. 635 


In the cases cited, there can be no doubt of metamorphism, 
practically metasomatic. If one encounters the same biotite 
schist as an isolated outcrop, how is it to be distinguished from 
an original rock? 

The writer has adopted one test that, so far, is practically infal- 
lible, it may not be a scientific test but it is practical. Within his 
experience, the gabbros may be classed as magnetic iron ore 
bearers. The magnetic ore occurs either in masses of varying 
size or in scattered grains, either rich or lean. This ore, how- 
ever, has one ever-present characteristic—it is always titaniferous, 
the titanium content being as high as 20 per cent. The titanium 
occurs in the form of ilmenite. This is proved by the fact that 
in magnetic treatment, the ore, depending on its texture, coarse 
or fine, can be separated into magnetite heads with hardly a trace 
of titanium, and into tails, or non-magnetic rejects, approximat- 
ing a typical ilmenite in composition. Masses of pure ilmenite 
are found in these rocks, or at least the ore is non-magnetic under 
high amperage. Usually, however, the ore is a mixture of il- 
menite and magnetite with titanium running from 3 to 20 per 
cent. The writer has noted and demonstrated in many instances 
that in biotite schists the magnetite is highly titaniferous. This 
is a “rule of thumb ’’—if a biotite schist contains either grains or 
masses of titaniferous magnetite, it is a gabbro derivative and is 
thus of igneous origin. This is also true of anorthosites and, 
probably, of syenites. In the iron mining region, the anorthosites 
are rarely observed, the gabbros and syenites are of frequent 
occurrence. In the mines of the Port Henry Iron Ore Company 
and of Witherbee, Sherman & Company in Mineville, the ore 
bodies are often broken or faulted or both, by “black rock,” 
which is coarse to fine-grained, with amphibole or pyroxene the 
dominant mineral. When the rock is crushed and the magnetic 
iron grains picked out and analyzed, the iron is invariably found 
to be titaniferous. No unmodified gabbro or syenite may be 
observed, but the presence of titaniferous magnetite assigns them 
to the class of gabbro or, possibly, syenite derivatives. As re- 
gards the above, Professor Kemp and Dr. Newland state: 

2 Bulletin 119, New York State Museum of Natural History. 
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The limited masses of gabbro have been so thoroughly metamorphosed 

as to assume the character of amphibolites. The presence of unchanged 
pyroxene and basic plagioclase feldspar furnishes a clew to the origin 
of these rocks in contradistinction from the amphibolites which are of 
sedimentary origin. 
While the writer has made no petrographic study of these rocks, 
their determination by means of titaniferous magnetite confirms the 
conclusion of Kemp and Newland that the “black rock” and the 
amphibolites are identical and that they are gabbro derivatives 
or, possibly, syenite. The writer long ago classed them as such 
from their titanium content. 

Whatever their relations to gabbro, if such relations exist, their 
relation to the non-titaniferous ore bodies and their associated 
rocks stamp them as intrusive. One striking instance came to 
the writer’s attention. A slope was being driven down on a bed 
of Harmony ore. The ore body ended abruptly in “ black rock.” 
A cross-cut driven from the slope picked up the regular bed which 
was broken and thrown into the hanging wall. The cut showed 
a band of ore six inches thick in the black rock. It carried 17 
per cent. of titanium. The broken ore body in the gray gneiss 
had no trace of this element. 

Anorthosites——These rocks have not been observed by the 
writer in connection with the mined magnetic iron ore deposits. 
They are certainly foliated at times. At one observed locality, 
foliated anorthosite contained a vein of magnetite for a distance 
of 600 feet which varied in thickness from a few inches to 
swells of six feet. Diamond drilling proved that the ore did not 
extend far back of the outcrop. The ore ran from 48 to 52 per 
cent. iron and carried 4 to 7 per cent. titanium. The above is 
the limit of the writer’s experience with the anorthosites, and is 
a narrow basis for a conclusion. The rock is undoubtedly erup- 
tive, in one instance it certainly contains titaniferous magnetite, 
in other localities the writer has observed grains of magnetite in 
the rock but these were not tested for titanium. 

Syenites—The writer has been greatly interested in this rock 
for three reasons: first, because diamond drill holes have shown 
the presence of this rock in great abundance; second, since the 











ADIRONDACK MAGNETIC IRON ORES. 637 
statement of Kemp and Newland that the rock occupies a middle 
place between the gabbros and the granites; third, since their 
map * of the Adirondack region indicates that, with the exception 
of the Grenville and the gabbro, all of the iron ore fields are in 
the syenites (“‘ granites, syenites and acidic gneisses”) and these 
rocks are igneous. The typical syenites, according to the above 
authors, consist of “a green augite, but hornblende and hypers- 
thene may be present; the feldspar is commonly microperthite ; 
orthoclase, quartz, and magnetite are the more important of the 
other minerals. The rock nearly always has a greenish color 
varying from light to dark shades. Where there is a considerable 
proportion of the dark minerals, it resembles gabbro so much as 
to be hardly distinguishable in the field, a resemblance which is 
even closer in comparing the gneissoid varieties of the two rocks.” 

Without quoting farther, though the 28 lines devoted to this 
topic are crammed with interesting suggestions, the writer will 
state briefly his own experience with the rock. Unconsciously 
in his groping for a characteristic name or names, he classed the 
green-colored, quartz-free rock as syenite, and the “light colored 
black rock and dark colored black rock” he feels should be, in 
some way, related. Accidentally, thus, on the writer’s part, his 
“light colored black rock and dark colored black rock” fit very 
well with the descriptions of Kemp and Newland. There is also 
to be noted independent testimony to the fact that “‘ when there 
is a considerable proportion of the dark constituents, it resembles 
gabbro so much that it is hardly to be distinguished from the 
gabbro in the field.” The writer studied these changes most 
anxiously but with a different object in view. From the start to 
the finish of a diamond drill hole, the rocks were studied care- 
fully for signs of an approaching ore horizon, or, if the calculated 
depth had been passed, for signs of the ore horizon, but without 
ore, or signs that the ore horizon had been passed and that deeper 
drilling would be useless. The changes noted by Kemp and 
Newland were observed but the writer’s observations seemed to 
open another channel. No iron ore, even in grains, was noted 

3 Published in Bull. 119, New York State Museum. 
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in the typically green rock. When, however, the rock, of the 
writer's nomenclature, became dark colored black rock, slightly 
foliated or massive grains and small masses of magnetite ap- 
peared. One drill core showed two feet of magnetite in the 
“black rock.” Analysis showed it to carry 28 per cent. iron and 
12 per cent. TiO.. To complete this example, the above ore was 
cut at a depth of 1,234 feet; at a depth of 1,814 feet a bed of 49 
per cent. iron was cut in gray gneiss. In it there was a trace of 
titanium (0.18 per cent. Ti). The above will be referred to in 
detail later on. . 

Within the writer’s experience, the typical green-colored sye- 
nite carries neither free quartz nor free iron ore in the form of 
magnetite or other iron minerals. It is certainly an intrusive. 
When it assumes the dark or black phase, grains and small masses 
of magnetite occur which are invariably titaniferous. If the 
dark phase is a syenite derivative and thus intrusive, its iron con- 
tent is titaniferous, practically ; so far as the writer’s work is con- 
cerned it is to be classed with the gabbros and anorthosites—an 
intrusive, titaniferous-magnetite ore-bearing rock. Perhaps for 
the sake of clarity the following should be interpolated at this 
point. The gray gneisses are, empirically, the non-titaniferous 
magnetite iron ore carriers. These gray gneisses have frequently 
large bands or beds of hornblende-feldspar, foliated rocks as well 
as bands or beds of nearly pure biotite gneiss. In their meta- 
morphic phases, the gabbros have, apparently, the same horn- 
blende-feldspar and biotite rocks. The practical question is 
this—when a drill is in these indeterminate rocks, are they gabbro 
derivatives or are they phases of the gray gneiss? The final test 
used by the writer is as follows: If there is titaniferous mag- 
netite present, the rock is a gabbro or a syenite derivative. If 
the magnetite is free from titanium, the rock belongs to the gray 
gneiss series. If the magnetite is titanium free, the drill is yet 
in the gray gneiss and deeper drilling may be indicated according 
to calculated depths. If the magnetite is titaniferous, the drill- 
ing is stopped or carried deeper, again according to calculated 
depths. The writer’s experience shows this test to have practical 
value. 
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NON-TITANIFEROUS MAGNETITE BEARING ROCKS. 


Gray Gneisses—In 1889, while the writer was studying the 
pre-Cambrian rocks of New Jersey, one rock strongly attracted 
his attention. First, on account of its invariable association with 
the mines of magnetic-iron ore. Second, and later, on account 
of its regular and great areal extent. The writer defined it as 
follows: * 


The rock is usually well foliated. The foliations are often obscure on 
a fresh, unweathered surface. 

The rock is often interstratified with bands of hornblende-feldspar 
rock which is quartz free. These bands vary in thickness from a few 
inches to many feet. Bedding is present in the Mount Hope rock (gray 
gneiss) but the beds are very thick. 

The rock (Mount Hope Type or Gray Gneiss) consists essentially of 
quartz, feldspar (orthoclase and plagioclase) and magnetite. The mag- 
netite is sometimes replaced by hornblende and scattering flakes of bio- 
tite. The magnetite occasionally occurs as perfect octahedral crystals 
though usually it is in rough irregular grains. The quartz occurs gen- 
erally in rounded grains, shot-like in appearance, which look as if 
pressed into the cleavage faces of the feldspars. The texture varies 
from massive to coarse and fine grained and beautifully foliated. 


The writer sees no reason for changing the above description 
after thirty-four years of experience. One important addition 
can be made. In diamond drill cores and in surface exposures, 
the rounded grains of quartz are often so abundant as to 
classify the rock as a quartzite. In this form it is interstratified 
with more highly feldspathic phases. 

In reviewing the writer’s rock types of New Jersey, Van Hise 
seriously misinterprets him. His review of “ Pre-Cambrian 
Geology ”’ is not at hand but, essentially, the following is his state- 
ment: 


Nason’s Mount Hope Type is not a type at all, By his own descrip- 
tion, by the substitution of hornblende and biotite for the magnetite he 
plainly shows that his supposed type is only a phase of his Oxford Type 
(a hornblende-feldspar gneiss with grains of quartz but with no magne- 
tite). 


4 Ann. Rept. of the State Geologist of New Jersey, 18009. 
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Practically, this is very nearly the equivalent of saying that 
a garnetiferous limestone is not a limestone at all but.is a cal- 
ciferous phase of garnetite. This is in no way resentfully re- 
peated, it is an excellent illustration of the difficulty of reproduc- 
ing a fact from a verbal description. In such attempts, modi- 
fying phases are often magnified into fundamental characteristics. 
Actually, in the writer’s opinion, the presence or absence of horn- 
blende and biotite has no more fundamental significance than the 
presence or absence of hornblende or phlogopite in a Grenville 
limestone. However, the above may be interpreted, the fact re- 
mains that the gray gneisses retain two fundamental charac- 
teristics in every phase—the presence of non-titaniferous mag- 
netite and the rounded shot-like grains of quartz apparently 
“pressed into the cleavage faces of the feldspar.” 

There is another characteristic which differentiates the gray 
gneisses from the older and associated igneous rocks—the absence 
of ilmenite (though sphene is not a rare mineral). It has al- 
ready been pointed out that the gabbro eruptives are essentially 
magnetic-iron bearing but that their magnetites carry from 3 to 
upwards of 17 per cent. of titanium. Syenites have been pur- 
posely omitted from the above. In the first place, while un- 
doubtedly igneous in their typical form (green phase), no 
magnetite has ever been observed in them. In the second place, 
when, by the addition of pyroxene or other dark minerals, they 
are with difficulty distinguished from metamorphic gabbro which 
they may be. In this latter phase, magnetite or feebly magnetic- 
iron ore is present in grains and masses. This ore as has been 
pointed out has as much as 7.2 per cent. titanium. 

In each of the above phases the rocks are obviously intrusive 
in the gray gneisses; if iron ore is present at all it carries from a 
moderate to a high per cent. of titanium. 

The practical point is as follows: The geological map referred 
to indicates that the non-titaniferous iron ores occur in syenite 
or syenite derivatives (granites, syenites and acidic gneisses) ; the 
gray gneisses are not, therefore, an original rock but are a phase 
of the syenite. But, according to occurrences of “black rock” 
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in the Mineville mines, these are certainly intrusive with respect 
not only to the iron ores but to the gray gneisses as well. But, 
if the “black rock” is the equivalent of the “amphibolites” of 
Kemp and Newland, the gray gneiss cannot be a metamorphic 
phase of the syenite, since a phase of the syenite is intrusive in 
the gray gneiss. Accordingly, it is an error to locate the non- 
titaniferous magnetite mines of the Adirondacks in the “ granites, 
syenites and acidic gneisses,” as is done on the map referred to. 

Farther, another inference is possible—if the gray gneisses 
are intrusives, they must be older than the syenites. That the 
gray gneisses are older than the gabbros and anorthosites there 
is no possible question. Bearing on the above, the logs of dia- 
mond drill holes 181 and 296 are quoted in full, of 263, only in 
part. 

LOG OF DIAMOND DRILL HOLE NO. 181. 

I to 150 feet, Gabbro; 
150 to 300 feet, Gray gneiss; 
300 to 580 feet, Gabbro; 
580 to 582 feet, Garnetiferous gray gneiss; 
582 to 802 feet, Black rock, gabbro; 
802 to 803 feet, Gray gneiss; 
803 to 826 feet, Black rock, gabbro; 
826 to 826.5 feet, Gray gneiss; 
826.5 to 835 feet, Black rock, gabbro; 
35 to 838.5 feet, Gray gneiss; 
3 


~ 


5 
8. 


ul 


to 1,124 feet, Syenite, garnetiferous, grains of quartz; 

,124 to 1,192 feet, Gray gneiss with grains of magnetite; 

192 to 1,249 feet, Banded black rock, gabbro, 2 feet magnetite, iron, 
28.8 per cent.; Ti, 7.2; 

1,249 to 1,253 feet, Gray gneiss; 

1,253 to 1,256 feet, Black rock, gabbro; 

1,256 to 1,262 feet, Gray gneiss; 

1,262 to 1,310 feet, Banded black rock, gabbro; 

2,510 to 1,551 feet, Syenite, quartz free; 

1,551 to 1,567 feet, Gray gneiss with hornblende and magnetite; 

1,567 to 1,588 feet, Syenite, quartz free; 

1,588 to 1,598 feet, Gray gneiss; 

1,598 to 1,727 feet, Syenite, foliated; 

1,727 to 1,760 feet, Gray gneiss, abrupt transition at 1,727 feet; 

1,760 to 1,772 feet, Gray gneiss; 


rH 0 


bo 
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1,772 to 1,780 feet, Mainly black rock; 
1,780 to 1,794 feet, Gray gneiss; 
1,794 to 1,797 feet, Very lean ore, titanium free; 
1,797 to 1,813 feet, Lean ore, Ti, 0.18 per cent.; 
1,813 to 1,876 feet, Black rock, gabbro. 
LOG OF DIAMOND DRILL HOLE NO. 296. 
o to 139 feet, Black rock, gabbro; 
139 to 141 feet, Gray gneiss; 
141 to 152 feet, Black rock, gabbro; 
152 to 154 feet, Gray gneiss; 
154 to 227 feet, Black rock, gabbro; 
227 to 294 feet, Black rock, gabbro; 0.5 foot gray gneiss at 227.5 feet; 
294 to 295 feet, Gray gneiss; 
295 to 301 feet, Black rock; 
301 to 304 feet, Gray gneiss; 
304 to 427 feet, Black rock; 
427 to 430 feet, Gray gneiss; 
430 to 463 feet, Black rock; 
463 to 625 feet, Gray gneiss; 
625 to 629 feet, Black rock; 
629 to 644 feet, Gray gneiss; 
644 to 661 feet, Lower Old Bed titanium free magnetite ore; 
661 to 666 feet, Gray gneiss. 


From the log of 181 it will be noted that no conclusions can be 
drawn from the relations of the syenites to the gray gneisses. It 
can only be inferred, if, as Kemp and Newland claim as probable, 
the intimate association of syenite and gray gneiss in log 
181, depths 835-838 to 1,192 feet and 1,567 to 1,780, demon- 
strates that the gray gneiss is a phase of the associated syenite. 
Another inference is equally possible from log 181, depths I 
foot to 582 feet; 582 to 838.5; 1,192 to 1,310; 1,727 to 1,876, 
that is, that the gray gneiss is a derivative from the gabbro with 
which it is (in the above depths) equally intimately associated. 
As a matter of fact it appears that no conclusion as to derivation 
is possible from the above citations. 

Log of diamond drill hole 296 might shed light on an interpre- 
tation of log 181 since the log of drill hole 296 shows only gray 
gneiss, gabbro and black rock. It certainly would be the case 
could we be sure of our nomenclature. As has been pointed out, 











ADIRONDACK MAGNETIC IRON ORES. 643 


however, the “black rock” of the writer may be the “ amphibo- 
lite” of Kemp and Newland and this, in turn, according to these 
authorities, is a dark, pyroxene phase of the typical green syenites. 
This possible road leads nowhere or everywhere. 

Diamond drill holes 263 and 181 were drilled from the surface, 
296 was drilled from the floor of the Harmony Mine to 100 feet 
or more below the foot wall of the Lower Old Bed Mine. It will 
be noted that by drill hole 296 there are 661 feet of rock between 
the two ore bodies. f this thickness, 456 feet is gabbro or 
amphibolite (syenite derivative) ; 205 feet gray gneiss. A tabu- 
lated comparison of the three drill holes may be of interest. 


D. D. Holes. 263 % 181 | % 








Y Zo 296 % 
RSRRES NEO Heo iiers esas 4 000 feet 00 860 feet 46 456 feet 67 
Se 000 feet 00 676 feet | 35 000 feet 00 
Gray gneiss....... 460 feet 100 333 feet 19 205 feet 33 
TORBIS os shades 460 feet 1,869 feet 661 feet 


The above tabulation again depends upon nomenclature which 
may or may not be constant with two or more observers. This 
much, however, will hardly admit of a difference of opinion. In 
drill hole 263, the gray gneiss is 100 per cent. of the rock be- 
tween the two ore bodies; in 181, it is 19 per cent. and in 206 it 
is 33 percent. Diamond drill hole 296 represents the rock section 
between two ore bodies. It is here 661 feet with 205 feet of 
gray gneiss. Drill hole 263 is from the surface. In this hole 
the rock thickness between the Harmony and the Lower Old Bed 
is only 282 feet and the rock is gray gneiss. In drill hole 296, 
between the same ore bodies but with a horizontal distance be- 
tween them of 3,500 feet, the identified gray gneiss is only 205 
feet; the doubtful rock, but certainly intrusive, is 456 feet or 67 
per cent. of the total. The above is cited primarily to show that 
intrusive sills of gabbro or syenite are younger than the gray 
gneisses and their contained ore bodies, whatever the ultimate 
origin of the gray gneisses may have been. 

The following log of diamond drill hole No. 14, drilled on the 
Cheever Mine, about two miles north of Port Henry, appeals to 
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the writer as being most illuminating. The drill was started in 
the Grenville white limestone and is as follows: 


5 feet, Glacial drift; 

5 to 65 feet, Graphitic quartzite; 

65 to 134 feet, White limestone with phlogopite and graphite; graphitic 
quartzite, alternating bands of white limestone and graphitic 
quartzite ; 

34 to 163 feet, White limestone with serpentine and graphitic quartzite; 
163 to 231 feet, Dark quartzite with crystals of hornblende and biotite; 
331 to 346 feet, Graphitic white limestone with bands of biotite and 

hornblende gneiss; 


346 to 440 feet, Foliated graphitic white limestone; 

440 to 452 feet, Gray gneiss; 

452 to 460 feet, Titanium free magnetite (mined out) ; 

460 to 465 feet, Gray gneiss; 

465 to 475 feet, Hornblende and biotite gneiss with magnetite; 

475 to 600 feet, Core lost; 

600 to 633 feet, Granular quartzite with grains of magnetite; 

633 to 639 feet, White limestone with serpentine and quartzite; 

39 to 666 feet, Granular phlogopite and feldspar with grains of mag- 
netic magnetite. 

However much doubt there may be as to the nomenclature of 
the rocks in the logs of the preceding drill holes, with one excep- 
tion, there can be none about drill hole 14. The exception is, 
of course, the gray gneiss. Without question the entire core is 
Grenville with the possible exception noted. There is no doubt 
in the writer's mind on this point. Assuming (as the writer 
believes) that the gray gneiss is present, it, together with the 
accompanying bed of non-titaniferous magnetite, is an integral 
part of the Grenville and is thus sedimentary. The presence of 
magnetite in grains from a depth of 465 feet to the bottom of 
the hole strengthens the assumption. Titanium-free magnetite 
is not at all uncommon in the Grenville series and in the white 
limestone. 

Across Walton Mountain, immediately west of the Cheever 
Mine is the Pilfershire, a magnetite mine in white limestone. 
Gray gneiss is present in this mine. South of the Pilfershire 
is the Lee Mine, also in white limestone and with gray gneiss. 
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In neither of these mines, however, can the relationship of the 
gray gneiss to the white limestone be observed. In the Pilfer- 
shire, however, ore fragments on the old dump show magnetite 
attached to the gray gneiss and gray gneiss with sufficient mag- 
netite to constitute mill ore. Titanium-free magnetites associated 
with white limestone exist in the Clifton Mine and several mines on 
Vroomans Ridge in the town of Fine. In the Crown Point field 
the Saxe is wholly in white limestone. Other mines near the 
above are not in immediate contact with the limestones. In New 
Jersey there are very many mines with a white limestone gangue— 
at Franklin Furnace, Sulphur mines at Andover, the Roseville, and 
near Buttzville. Though none of these mines are extensive, the 
association is evident. It should have been mentioned that near 
the Cheever, Pilfershire and Lee mines there are extensive ex- 
posures of gabbro but so far as the writer knows, this rock is not 
found in the ore bodies proper. Recalling, however, the fact 
that titanium-free magnetites are unknown in the gabbros, sye- 
nites, and anorthosites, it is hardly possible, from experience at 
least, to ascribe these magnetites to the presence of the gabbro. 


STRUCTURAL RELATIONS OF THE INTRUSIVES TO THE NON- 
TITANIFEROUS MAGNETITES AND THE GRAY GNEISSES. 


The Harmony, Lower Old Bed, Barton Hill, Fisher Hill and 
Burt Lot non-titaniferous magnetite beds are, in places, badly 
broken and faulted along definite zones. Areally, mining shows 
heavy rolls, the core of which is either unmodiiied gabbro or the 
“black rock,” probably the amphibolite of Kemp and Newland. 
The iron ore beds and their gray gneisses are affected as a unit. 
If the ore is rolled, the gray gneiss is likewise affected; if the 
ore is faulted, the gray gneiss is likewise faulted; in short, the 
ore and gray gneiss, so far as intrusives are concerned, were pre- 
existing. This is true, whatever the relative origin of the mag- 
netite and gray gneiss. Typical gabbro and syenite, however, 
have rarely been noted in mining operations. In diamond drill 
holes, the cores almost invariably show gabbro in its two forms, 
and typical syenite. By this is meant that typical gabbro is often 











646 FRANK LEWIS NASON. 


cut by the drill, a biotitic gneiss is cut, then the drill again shows 
typical gabbro. In the case of syenite, drills show the typical 
syenite. “Black rock” often follows, but except after the inter- 
polation of other rocks, the typical syenite is not again observed. 

In mining operations and in diamond drill cores, the bulk of 
the intrusive is the “ black rock.” If this rock is a syenite deriva- 
tive it is then definitely established that the gray gneiss is not a 
phase of the syenite for reasons which have been pointed out. 
If the black rock, the amphibolite of Kemp and Newland, is a 
gabbro derivative, the point at issue has not been touched. No 
conclusions can be drawn as to the relations of the syenite and 
the gray gneisses. The existence of the gray gneiss in the Gren- 
ville in the Cheever Mine is the only outstanding fact. That the 
gray gneiss cannot be a derivative of the gabbro is strongly indi- 
cated, if not positively proved, by the following: Drill hole 259, 
put down to the Lower Old Bed from the floor of the Harmony, 
shows these relations. The drill first entered gray gneiss, then 
gabbro, gray gneiss and gabbro alternating for 150 feet, then 
500 feet of gabbro and black rock, then a repetition of alternating 
gabbro and gray gneiss, finally gray gneiss, then 16 feet of non- 
titaniferous magnetite, then gray gneiss. 

In the Beauhart Mine near Fisher Hill, unaltered gabbro shows 
in contact with the titanium-free ore body. Enclosed in the mass 
of gabbro are fragments of unmistakable gray gneiss. On Fisher 
Hill, great bosses of unaltered gabbro outcrop, which enclose 
fragments of gray gneiss. In a diamond drill hole started in typi- 
cal gabbro, this rock was followed down for over 1,500 feet, then 
150 feet of gray gneiss was cut which enclosed a bed of titanium- 
free magnetite, then unaltered gabbro to the bottom of the hole. 
Along the eastern base of Barton Hill, gabbro outcrops almost 
continuously with enclosed gray gneiss. Mount Tom is almost 
entirely gabbro with a considerable deposit of highly titaniferous 
iron ore. On the surface bands of gray gneiss show in with the 
gabbro. Between diamond drill holes 180 and 181, 500 feet 
apart, each drill hole starts in gabbro. Between the two holes, 
of the 500 feet, 150 feet is gray gneiss, flanked on either side 
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by gabbro. Drill hole 180 is gabbro to the bottom, drill hole 
181 is 150 feet in gabbro; it then cuts the outcropping gray gneiss 
for over 150 feet, then reénters the gabbro. (See log of drill 
hole 181.) At the extreme north end of the Barton Hill tunnel, 
the strike of the ore body and the gray gneiss has been changed 
by 90 degrees of the dip from about 15 degrees to 45 degrees and 
from the southwest to southeast. A gabbro intrusion is the cause 
of the change. 


COMPARATIVE AREAL FOLIATION. 


It has been noted that at least two of the known eruptives, the 
gabbros and the anorthosites, have foliation planes developed by 
shearing. The shearing is usually accompanied by a more or 
less complete metamorphism or even by metasomatic replacement 
of the original minerals. By means of diamond drill holes the 
development of foliation may be traced from the original rock 
into a metamorphic phase, then back to the original rock. The 
shear planes are of varied thickness. On Barton Hill and on 
Mount Tom at Mineville are long shear planes interrupted by 
bosses or dome-like masses of typical gabbro. The shear planes 
do not appear to be constant either in direction or in continuity. 

On the other hand, the gray gneisses and their associated 
gneisses are not subject to these vagaries. The dips, pitches and 
strikes, as indicated by foliation are continuous in long lines. 
These constants‘ have not only linear but areal development as 
well. Their orientation is continuous, except for local disturb- 
ances. They are in conformity, in general, with the great oro- 
graphic structure of the Allegheny Mountain system. Apparently 
at least, the causes which are responsible for the one are also 
responsible for the other. 

The contained ore bodies of titanium-free magnetites are in 
every way conformable to these gray gneiss structural lines. If 
the foliations of the gneisses are disturbed, the ore bodies are 
equally disturbed. In rolls, faults, warpings, if the enclosing 
gneisses are distorted, the ore bodies are equally distorted. Sur- 
face phenomena indicate that gabbros and syenites accompany 
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these disturbances. Underground, these indications are fully 
supported. In mining operations, whether rolls or faults or 
domes in the ore body are noted, the disturbing factor is found 
to be either one or the other of these rocks. The success of the 
economic geologist in dealing with the location and extension of 
the enclosed magnetic iron ore bodies, within the writer’s ex- 
perience, depends almost wholly, if not entirely, in observing the 
structure of the gneisses and, from these, calculating the location 
of the ore body in advance of mining operations. In developing 
prospects or old mines where more or less work has been done, 
and with no mining records for guide, the study and application 
of structural lines to the problem will not fail. 

The log of diamond drill hole No. 14, already quoted, suggests 
strongly that the regularity of these structural lines in the gray 
gneiss series can be accounted for in no other way than by that 
of sedimentary origin. Most certainly, and this can be stated 
positively, these structural lines preceded the intrusion of the 
gabbros and the syenites. It is also possible to state without 
contradiction that the structural lines of the gray gneisses and 
their associated gneisses are in perfect conformity with the struc- 
tural lines of the Grenville white limestones. The sedimentary 
origin of the latter is hardly to be doubted. There is one dif- 
ficulty which confronts the investigator—the fact that the Gren-~ 
ville is not represented exclusively by white limestone. There 
are certainly associated graphitic quartzites. These exist apart 
from the white limestone but in the Grenville zone. In other 
localities, quartzites, feldspathic but without graphite, are to 
be observed. In still other localities are gneisses that cannot be 
directly traced to white limestone. This is especially true of the 
gray gneisses. The whole question as to what is or what is 
not a member of the Grenville assumes the identical phase as 
to the origin and relationship of typical gabbros and syenites 
to foliated phases of what may or may not be a gabbro or a 
syenite. On the Delaware and Hudson Railroad, near the feld- 
spar mill south of Crown Point, a wide series of alternating beds 
of white limestone and gneisses are to be observed. These beds 
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are perfectly conformable, the one to the other. None of these 
beds are gray gneiss. Yet on the south side of Dibble Mountain, 
titanium-free magnetites are developed with gray gneiss rocks. 


EXTENT OF TITANIUM-FREE MAGNETITE DEPOSITS. 


The contrast between the beds of titaniferous and of non- 
titaniferous magnetites is a most striking one. Titaniferous 
magnetite deposits, however great in any particular locality, as, 
for instance, at Sanford Lake, have no linear extent. They are 
isolated masses irregularly distributed and their boundaries are 
abrupt. Even deposits in long sheared zones are also isolated 
ones. A few occurrences of the titanium-free magnetites may 
be cited. 

At Lyon Mountain the outcrop of the mine of the Chateaugay 
Ore and Iron Company has a proven outcrop three and one 
fourth miles long. The mine has been worked for about 3,000 
feet along the strike; 4,000 feet from the southwest end another 
section has been mined for 500 feet; at three and one fourth 
miles, another mine has been worked. Intermediately, and be- 
yond this limit, diamond drill holes seem to prove the continuity 
of the outcrop. The small mine, near Standish, is about two 
miles southwest of the Lyon Mountain Mine. Strong magnetic 
attraction indicates that the two mines are a unit, thus five and 
one fourth miles long. Nor is this the end of this remarkable 
ore zone. Between the northeast end of the Lyon Mountain ore 
body and Dannemora, the air line distance is about eight miles 
At Dannemora there are two fair-sized ore bodies that have beeri 
worked: one in the stockades of the Dannemora prison and the 
other outside. Between the two extremes there are several 
prospects that have produced more or less ore. The Lyon Moun- 
tain zone thus seems to be thirteen miles long on the strike. It 
is hardly probable that the ore bodies are in the same plane. The 
continuity of the ore zone is alone the striking feature. 

At Mineville, a practically continuous deposit has been proved 
by diamond drills and by mine workings to be over 8,000 feet 
horizontally. At the southwest end a drill hole shows the ore to 
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be 69 feet thick. With unexplored intervals, this ore zone has been 
demonstrated to be about six miles long. The maximum known 
horizontal width is 6,000 feet. The extreme northeast end is an 
ore body 70 feet thick. Other extensive areas are known in the 
Ausable district, several over six miles long. In the Saranac 
Valley in the Clayburg district, old mines show a strike line of 
about six miles. 

On the west side cf the Adirondacks is the Benson Mine. 
This, in connection with the old mines on Vrooman’s Ridge and 
the Clifton mines, forms a line over six miles long. These de- 
posits are probably in the Grenville. White limestone is certainly 
associated with the ore in one old mine. No deposits of titanif- 
erous iron ore of comparable extent are known in the eastern 
United States, Canada or Newfoundland. The largest known 
deposit, as has been pointed out, is the one at Lake Sanford and 
vicinity. 


THICKNESS OF THE GRAY GNEISS SERIES. 


The correct thickness of this series cannot be given. A dia- 
mond drill hole at Mineville shows crystalline, graphitic white 
limestone and graphitic quartzite below 500 feet. A diamond 
drill hole in the floor of the Barton Hill Mine and from the 1,300 
foot contour proved the same Grenville series at a depth of 
about 1,600 feet. The crest of the hill is 1,889 feet. The 
vertical thickness of the rocks above the Grenville is thus 2,189 
feet at this point. The Grenville was disclosed 600 feet below 
the surface at the Cheever Mine. The apparent thickness of the 
series is thus 2,789 feet including well-recognized intrusives. In 
this thickness, at least four superimposed magnetic, titaniuim- 
free deposits are known—the Harmony-Barton Hill, the Joker- 
Bonanza, the Lower Old Bed, and the Cheever. It has been 
pointed out that the Cheever, the Pilfershire and the Lee mines 
are undoubtedly in the Grenville white limestones. The occur- 
rence of the white limestones under the Mineville magnetite de- 
posits demonstrates that these mines are above the known Gren- 
ville. Graphitic quartzite is to be observed about 1,000 feet 
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southeast of the Harmony by the side of the public road. On 
the southwest flank of Mount Tom, the white limestone outcrops; 
this outcrop follows continuously to the south for a distance of 
three and one half miles. Outcrops of the white limestones are 
abundant in the Crown Point area. Gray gneisses are to be 
observed within this area but not in direct contact with the 
limestones, except at the Saxe ore bed. 

North of Mineville, near Nichols pond, are limited outcrops 
of the Grenville white limestones. The intimate association of 
the extensive titanium-free magnetite deposits, Grenville white 
limestone, and gray gneiss occurs over a distance of sixteen miles 
north and south, and at least six miles east and west. The area 
is thus about 96 square miles. The Fort Ann Mine in the Gren- 
ville is 43 miles south of Crown Point. The north and south 
line of the Grenville, though not continuous, is thus 59 miles long. 

Within this 96 square miles, gabbro is found abundantly at 
Port Henry; it flanks continuously the western boundary of the 
Mineville area, that is, it is the eastern extension of the great 
gabbro area of the Adirondacks. It is the northern boundary as 
well. It outcrops in the form of bosses within the iron ore area. 
As has been pointed out, diamond drill holes show its existence 
to a depth of 3,000 feet. The importance of this area from a 
mining standpoint is demonstrated by the yearly output of about 
1,000,000 tons of high-grade ore. The milled product carries 
from 61 to 68 per cent. iron, which is titanium-free. The de- 
veloped ores are estimated at about 40,000,000 tons; the probable 
undeveloped ores are estimated to be upwards of 300,000,000 tons. 


ORIGIN OF THE ROCKS AND TITANIUM-FREE MAGNETITES. 


There are three practical questions of which the answers, so 
far, can be accepted implicitly: First, gabbro, anorthosites and, 
probably, syenites carry only titaniferous magnetites; second, the 
gray gneiss and Grenville limestones carry only titanium-free de- 
posits of magnetite; third, whatever the nature of the foliation 
planes in the Grenville, these foliation planes are not only con- 
formable to each other but they are conformable in a large way 
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with the orographic structure of the entire Appalachian Mountain 
system. A fourth point is of great practical as well as scientific 
value, namely, that the titanium-free magnetite ore bodies of the 
gray gneiss and the Grenville also have foliation planes no less 
strongly developed than those in the containing rocks, and these 
foliations are exactly conformable to those of the rock host. The 
writer has been able to demonstrate this more than once. 

Another phase of the question of origin may also be answered. 
It is purely empiric, thus accidental so far as any known funda- 
mental law is concerned. No mass of gabbro or other intrusive 
has been found to be basal. Diamond drills have been repeatedly 
started in typical gabbro, have cut through the intrusive, and en- 
countered the ore at practically the depth calculated for it. 
Within a vertical depth, therefore, of 3,000 feet, the intrusives, 
whether gabbro, syenite or derivatives from either or both, exist 
as sills or laccoliths. The only escape from this is to assume, or 
prove, that the whole series is a modified eruptive. 

The theory has been more or less vigorously propounded that 
the titanium-free magnetites have been derived, in some way not 
explained satisfactorily, by means of gases or solutions, from the 
titaniferous magnetite originally contained in the intrusives. 
Two serious objections may be stated against this supposition. 
First, it is difficult to understand how, by distillation or solution, 
the iron could be selectively removed without the titanium and be 
later deposited as titanium-free iron ore, in extensive beds. 
Changeable deposition, sometimes free of titanium, sometimes 
titaniferous, or titanium in varying proportions, might not be 
so difficult to understand, but this is not the case, for invariably 
titanium-free magnetites occur in a certain class of rocks and 
titaniferous magnetites are invariably present in others. This 
phase of the problem is not theoretical, it is a demonstrated fact 
of occurrence. 

Second, in support of the theory of a secondary origin of 
titanium-free ores, the rather doubtful fact is stated that the great 
iron-ore deposits of the above character are intimately associated 
with the gabbros and other intrusives. The fact of intimate as- 
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sociation is unquestionable; the fact of relationship is not. There 
are large areas of iron-ore fields in which there are no traces of 
intrusives, as, for instance, Palmer Hill and Jackson Hill in the 
Ausable District. At Ausable Forks, four miles south, the only 
rocks which outcrop are gabbros. It is quite conceivable that these 
ore-bodies may be underlain by the intrusives. Asa matter of fact, 
however, diamond drill holes 1,000 feet deep show no traces of 
them. The rock is mainly gray gneiss. The same is true of the 
Benson mines. On the other hand, as has been pointed out, the 
titanium-free magnetites are not only associated with the gray 
gneisses and the Grenville, but they occur within these rocks and 
nowhere else. 

A third fact remains to be disposed of by those who hold 
to the derivation of the titanium-free magnetities from titanif- 
erous rocks and ores. Briefly stated, gabbro, anorthosite and 
syenite, are not only younger than the gray gneisses and Gren- 
ville rocks, but they are younger than the titanium-free ore de- 
posits. This is without exception, within the writer’s experience. 
Referring again to the geological map of the Adirondack region, 
Kemp and Newland seem to declare their conviction that even 
the rocks of the titanium-free magnetic iron-ore deposits are 
derivatives from the syenites. This declaration is also fortified in 
the text of the report. This much, however, must be clearly 
understood. They are very far from being dogmatic on the 
subject, they absolutely make no claim to finality, simply, after 
careful weighing of the evidence, pro and con, it is their opinion 
that the preponderant weight is in favor of their position. They 
point out very clearly, conflicting evidence which suggests other 
conclusions than the one that they finally adopt. Extensive as 
has been their field work, petrographic, chemical and mineralogi- 
cal investigations seem to be their court of final appeal. Yet the 
writer feels instead that structural relations should be the court 
of final appeal. In the first place, even if the gray gneiss series 
of rocks is a derivative from an eruptive, there is no reasonable 
doubt but that these are older than any of the eruptives now 
recognized. The ores themselves are also older. Otherwise how 
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could they be cut by the gabbros and syenites? Not only are 
they cut by the eruptives, but, in one locality pointed out, a tita- 
nium-free ore body is distinctly broken by “a dark amphibolite ” 
rock but in the same black rock a considerable: mass of ore is 
found that is high in tftanium. In all of the Mineville mines 
this supposedly same black rock rolls and breaks the ore-body 
and the gray gneisses. 

To sum up briefly the substance of this paper, the writer feels 
warranted in holding, tentatively at least, that the gray gneisses 
are an integral part of the Grenville system and are thus of 
sedimentary origin. Further, that the ores of the gray gneisses 
are contemporaneous in origin with their rock hosts. If the ores 
and gray gneisses are secondary, some other source of origin 
must be sought than the gabbros or the syenites. Finally, the 
writer has spoken sincerely of the spirit of fairness and utter 
lack of dogmatism of the authors quoted. It is his ardent wish 
that whatever is written in this paper may be considered as being 
offered in the same light. In reading, please recall that the title 
is “The Sedimentary Phases of the Adirondack Magnetic Iron 
Ores.” With this title the writer, of necessity, places these phases 
in the front rank. But it is by no means to be inferred from the 
title that the question has no other side 
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AN EFFECT OF CLIMATIC CHANGE ON THE SUPER- 
FICIAL ALTERATION OF ORE DEPOSITS.* 


Henry H. Knox. 


A recent study by J. Mackintosh Bell of certain silver occur- 
rences in Ontario, calling attention to a belt of enrichment at the 
surface followed in depth by a barren belt in the oxidized zone, 
is a reminder that perhaps this type of alteration has received less 
attention from geologists than its importance deserves. That the 
type is rarely observed is not proof that its occurrence in nature 
is exceptional since a distinct gossan may be followed downward 
into the impoverished zone and the workings be then abandoned 
without suspicion that payable sulphides may lie at greater depth. 
On the other hand, where the zone of impoverishment outcrops 
it may give no recognizable indication of the existence of an ore 
deposit beneath, and consequently its value may be overlooked. 

In an instance about to be cited a shallow gossan was originally 
worked for iron ore. It pinched rapidly to a seam of baritic 
sand leached of all metal except gold, which remained in payable 
quantity, until the barite gave place at a depth of 100 to 200 feet 
to a lenticular mass of cupriferous pyrite. Thus, but for the 
circumstance that a remnant of gossan had been left uneroded and 
that the residual gold in the leached zone led the early miners 
downward, several million tons of copper ore would have re- 
mained undiscovered. 

These considerations lead to the belief that a more precise 
knowledge of the causes which sometimes result in segregation 
at one horizon of the oxidized zone and in impoverishment at an- 
other horizon, would assist in prospecting and exploring in regions 
where such causes are known to operate. In the following at- 
tempt to trace the factors involved, two papers will be drawn 
upon which treat of zonal arrangement in the oxidized portion of 


ore bodies, the one describing a group of copper deposits at 
* Presented to the Society of Economic Geologists. 
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Soymanovsk near Kyshtim in the Urals,’ the other dealing with 
certain silver veins near Cobalt, Ontario.” 

The author of the former paper hazards no explanation of the 
changed conditions which produced an impoverished belt below 
the gossan, while the author of the latter ascribes the change 
from a richer surface belt to a barren belt below it to a difference 
in free oxygen contained in the descending solutions. Since, 
however, oxygen must always be present in excess everywhere 
above the water table, other agencies must be sought to account 
for the phenomena under discussion. 

Kyshtim lies south of the limits of the Pleistocene ice sheet 
and oxidation and denudation have proceeded part passu. Bell, 
on the other hand, refers the oxidation of the South Lorrain 
veins to a pre-glacial period on the ground that it has penetrated 
too far downward to be ascribed to post-glacial effects. 

A comparison of the two occurrences may best be represented 
in parallel columns: 


Kyshtim. Wood’s Vein, South Lorrain. 
Depth o- 20 feet, Limonite gossan. 0-250 feet, Native silver, 
ferric oxide. 
20-170 feet, Pinched walls 250-420 feet, Barren zone, 
containing barite sand leached of metals. 


from which the base 
metals have been leached. 
170-185 feet, Pyrite leached 
of copper. 
185- ? feet, Enriched cuprif- 420- ? feet, Zone of second- 
erous pyrite. ary enrichment. Mar- 
casite, pyrite, chalcopy- 
rite, argentite, ruby sil- 
ver, etc. 
Massive primary  sui- Primary sulphides. 
phides. 


Furthermore, I am indebted to R. Gilman Brown for a com- 
munication which suggests an occurrence of the same category 

1H. H. Knox, “An Instance of Secondary Impoverishment,” Trans. Inst. 
Mg. and Met., vol. XVIII. 


2J. Mackintosh Bell, “The Occurrence of Silver Ores in South Lorrain, 
Ont.,” Trans. Inst. Mg. and Met. Bull., Feb., 1922. 
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in Montana. According to him the Original-Steward-Parrot 
belt at Butte displays the following sequence of zones from the 
surface downward: 


100-150’, gossan carrying gold and silver. 
100’, barren gangue with some iron stain. 


iS) 


150-300’, masses of high-grade copper and silver ore, bornite 
and chalcocite, with concentrating ore. 
4. Supposed primary ore. Pyrite and chalcopyrite in barite and 
quartz gangue. 


These occurrences present near the outcrop a relatively insoluble 
deposit, limonite with native silver, followed by a leached zone 
succeeded in turn by the usual effects of secondary sulphide en- 
richment. The similarity of the zonal-arrangement of all is so 
striking as to suggest identical causation and it is the purpose of 
this paper to trace these phenomena to a common cause. 

Disregarding the intermediate stages in the interest of brevity, 
the initial reactions involved in the oxidation of pyrite are usually 
written : 


(1) FeS, + H.O + 70 = FeSO, + H.SO,, 
(2) 2FeSO, + H.SO, + O= Fe.(SO,);-+ HO. 





W. H. Emmons® observes that “mineral waters in sulphide 
ores near the surface are solutions of sulphuric acid and ferric 
sulphate. With increase of depth the acidity of such solutions 
decreases and ferrous sulphate accumulates.” Such obviously are 
the conditions which produce a barren zone, leached of its orig- 
inal iron content. On the other hand, the condition governing 
the formation of a gossan becomes clear on consideration of the 
system ferric sulphate-water-ferric hydrate-sulphuric acid of 
which the equation 


(3) Fe,(SO,); + 6H.0 = Fe. (OH), + 3H.SO,. 


expresses the equilibrium. According to the law of mass action 
increased concentration of acid will displace the reaction toward 


3“ The Enrichment of Ore Deposits,” Bul. 625, U. S. Geol. Survey. 
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the left, increased dilution will displace it toward the right; that 
is to say, the degree of concentration of the solutes determines 
whether the ferric salt is carried away in solution or precipitated 
as hydrate. 

By including the water of solution this may be quantitatively 
expressed as 


(a—x) (b—x) 





=F, 
x (c—-2r) 


where a—number of mols of acid present at beginning of re- 
action, 
=< number of mols of ferric hydrate at beginning of 
reaction, 
c==number of mols of water as solvent at beginning of 
reaction, 
“==number of mols of water formed at equilibrium, 
= number of mols of ferric sulphate at equilibrium. 


Thus it transpires that an increase of c (dilution) corresponds to 
an increase of b (ferric hydrate). 

The recognition of the degree of concentration of sulphuric 
acid in the vadose circulation as the factor controlling gossan for- 
mation leads further to inquiry into the conditions which affect 
the concentration. It is a familiar fact that even in regions of 
extreme aridity iron oxide forms readily in the presence of calcite 
gangue or limestone walls, but where the quantity of calcium 
carbonate is insufficient to neutralize the acid and where the rain- 
fall is insufficient to dilute it to the necessary degree, a gossan 
cannot form and the outcrop will be leached of iron. 

The Spanish province of Huelva, that most spectacular of 
Nature’s laboratories, affords a striking demonstration of the 
foregoing theme, where the mine seepage and waste liquors from 
the leaching and cementation works discharge into the Tinto 
River such vast quantities of sulphuric acid and iron sulphates as 
to impart a conspicuous apple green color to its waters. The river 
flows on gathering accessions of fresh water from its tributaries 
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until at about twenty miles below the mines the green changes 
with surprising abruptness to the characteristic dark wine color 
that lends its name to the Rio Tinto which thence descends to the 
sea, staining its banks with deposits of iron oxide. The point in 
the river where the reaction takes place is not fixed but wanders 
up stream and down according to the season, whether wet or dry. 
Evidently the change of color marks the dilution of the free acid 
to the degree that permits the hydrolysis of the ferric sulphate to 
ferric hydrate. 

In so far as effected by the climatic changes under considera- 
tion, it can be shown that silver shares the destiny of iron in that 
its deposition in the oxidized zone does in certain circumstances 
depend on the excess of water present. W. H. Emmons,‘ in 
reviewing the work of H. C. Cooke, remarks that “as ferrous salt 
increases and ferric salt decreases and with only ferrous sulphate 
in solution, all silver is precipitated.” Discussing the reaction 


(4) AgeSO, + 2FeSO, = 2Ag + Fe.(SOx.)s 
Cooke states the equilibrium thus: 
CFe’”’ 


(5) == 163 32 
CFe”’ x CAg’ 





where CFe’”’—concentration of ferric ion in solution; 
CFe” —concentration of ferrous ion in solution; 
CAg’ =concentration of silver ion in solution. 


Now when by hydrolysis ferric hydrate is precipitated, the con- 
centration of Fe” ion is decreased and, according to equation 
(5), the concentration of Ag’ ion must correspondingly diminish 
and Ag be precipitated. Hence it is clear that the conditions that 
promote the formation of gossan also promote the deposition of 
native silver and the conditions which inhibit the formation of 
gossan favor the removal of silver in solution. 

At Kyshtim five principal ore bodies measuring from 300’ to 
1,500’ on the strike, separate in space but alike topographically, 

# Loc. cit. 











660 HENRY H, KNOX. 


have been similarly altered by meteoric agencies to four zones so 
distinct in character as to render this group conspicuous. It is 
held that the superficial zone is the remnant of a gossan almost 
completely eroded away, which was formed under conditions of 
high rainfall, while an ensuing period of light rainfall produced 
the underlying zone of impoverishment. 

In attempting to apply his argument to phenomena which have 
not passed under his own observation the writer does so with the 
hesitation of one fully conscious of the dangers attendant on 
extrapolation. Nevertheless, the published account of the South 
Lorrain occurrences points to similar climatic changes as the ex- 
planation of similar effects, and it is suggested that the same 
explanation may apply to the Butte occurrence as well as to those ° 
at Mount Morgan in Queensland, and Reforma in Guerrero. 

From the close of the Pliocene to the present, in the north 
temperate zone, variations of climate are manifest, ranging from 
warm temperate to frigid and from aridity to high precipita- 
tion. ‘To even the casual observer the progressive desiccation of 
the Great Basin is apparent as well as of North Africa, Arabia 
and elsewhere, whereas indications of a change from aridity to 
humidity are more difficult to detect owing to the submergence 
and overgrowth of the evidences. The duration of the Pleisto- 
cene is estimated at over 500,000 years, and A. Penck® in his 
studies of Alpine glaciation reckons the Second Interglacial Stage, 
when the snow line was a thousand feet higher than now, as last- 
ing over 100,000 years. In the light of our information on the 
actual growth of gossans observed in ancient mine workings, such 
periods appear adequate to account for the oxidation of most ore 
deposits to present depths, and even where the latest ice cap 
has removed the oxidized zone completely a previous interglacial 
stage may have left its imprint on the belt of sulphide enrichment. 
On the other hand, in latitudes lying below the limits of glaciation 
the correlation of climatic variations with the oxidized portions 
of ore bodies is beset with fewer difficulties and in certain cases 
may be attended with fruitful results. 


5 W. Lindgren, “ Mineral Deposits,” 1913, pp. 817-818. 
6 “Die Alpen im Eiszeitalter,” Leipzig, 1909. 
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In his exhaustive study of the Kyshtim deposits A. W. Stickney 
remarks that “ The topography of the area suggests that denuda- 
tion has been in progress for a long period without recent 
rejuvenation by uplift,” and also presents a table’ which records 
the extension of the leached zone of each of the five ore bodies 
to depths of from 25 feet to 80 feet below the present ground 
water level. This plainly indicated rise of the waier lev.1 cannot 
be accounted for by a subsidence of the terrain, but the conditions 
are satisfied by the assumption of increased humidity. The .r.ter 
considers the evidence convincing that: 

1. The superficial limonite gossan was formed during the prev- 
alence of a moist climate. According to Stickney, all of the 
iron and silver of the original ore remain fixed .n the gossan. 

2. The underlying barite zone, leached of from 75 per cent. 
to 99 per cent. of the original iron, was formed under arid cli- 
matic conditions, 

3. The recent return to moderate humidity (average annual 
rainfall 25 inches) accounts for the rise of the ground water 
level and the arrest of oxidation. 

160 BroaADWAY, 
New York. 


7“ The Pyritic Copper Deposits of Kyshtim, Russia,” Econ. Grot., page 606, 
vol. X., 1915. 
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LOCATION AND HISTORY. 


Four exposures of peridotite occur near Murfreesboro, Pike 
County, Arkansas, and three of these have produced diamonds. 
The exposure first discovered lies 21% miles south-southeast of 
Murfreesboro, near the confluence of Prairie Creek with Little 
Missouri River, and is thus named the Prairie Creek peridotite 
area. (See Fig. 58.) Diamonds were discovered on the area in 
1906 and since then several thousand stones, ranging in weight 
from a small fraction of a carat to 20% carats, have been pro- 
duced by the Ozark, Mauney, and Arkansas mines located on 
it. The other exposures of peridotite-are all within an area 
of I square mile, about 2 miles northeast of the Prairie Creek 
area and 3 miles S. 75° E. of Murfreesboro. Two of these, 
the Kimberlite and American areas, so named for the Kimberlite 
and American mines located on them, are in sec. 14, T. 8 S., 
R. 25 W.; and the third, the Black Lick area, is near a locality, 
known as the Black Lick, in the northwest corner of sec. 23, 

1 Published by permission of the Director of the U. S. Geological Survey. 


The present paper is abstracted from a report that is in course of publication 
by the U. S. Geological Survey. 
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T. 8 S., R. 25 W. The Kimberlite and American areas have 
been prospected on a small scale for diamonds and each has pro- 
duced a small number of stones. The Black Lick area has 
been prospected less than any of the others and has thus far 
produced no diamonds. 


PREVIOUS AND PRESENT INVESTIGATIONS. 


The existence of the peridotite in this part of Arkansas has 
been known to geologists as early as 1842.” The first detailed 
report describing the geologic relations and nature of the perido- 
tite was published in 1889 by John C. Branner and R. N. Brack- 
ett.» Among the geologists who have visited the diamond 
mines since 1906, the date of the discovery of the diamonds, are 
George F. Kunz,* H. S. Washington,* John T. Fuller,> P. F. 
Schneider,® A. H. Purdue,’ W. E. McCourt,’ L. C. Glenn,® and 


2 Powell, W. B., “A Geological Report on the Fourche Cove, etc.” p. 6, 
footnote, 1842, 

Shepard, C. U., “On Three New Mineral Species from Arkansas, and the 
Discovery of the Diamond in North Carolina,” Am. Jour: Sci., 2d ser., vol. 2, 
footnote on p. 253, 1846. 

Owen, D. D., “ Second Report of a Geological Reconnaissance of the Middle 
and Southern Counties of Arkansas, made during the years 1859 and 1860,” p. 
32, 1860. 

3Branner, J. C., and Brackett, R. N., “The Peridotite of Pike County, 
Ark.,” Am. Jour. Sci., 3d ser., vol. 38, pp. 50-59, 1889. 

Arkansas Geological Survey Ann. Rept. for 1890, vol. 2, pp. 377-391, 1891. 

4Kunz, G. F., and Washington, H. S., “ Note on the Forms of Arkansas 
Diamonds,” Am. Jour. Sci., 4th ser., vol. 24, pp. 275-276, 1907; “ Diamonds 
in Arkansas,” Am. Inst. Min. Engrs., Bimonthly Bull. 20, pp. 187-194, 1908; 
Am. Inst. Min. Engrs., Trans., vol. 39, pp. 169-176, 1909. 

5 Fuller, J. T., “ Diamond Mine in Pike County, Ark.,” Eng. and Min. Jour., 
vol. 87, pp. 152-155, 616-617, 1900. 

6 Schneider, P. F., “A Preliminary Report on the Arkansas Diamond 
Field,” Arkansas Bur. Mines, Manuf. and Agr., 16 pp., 1907; “ A Unique Col- 
lection of Peridotite,” Science, new ser., vol. 28, pp. 92-93, 1908. 

7 Purdue, A. H., “A New Discovery of Peridotite in Arkansas,” Econ. 
GeoLocy, vol. 3, pp. 525-528, 1908. 

8 McCourt, W. E., “Diamonds in Arkansas” (abstract), St. Louis Acad. 
Sci. Trans., vol. 18, pp. lix-Ix, 1909; Science, new ser., vol. 30, p. 127, 1909. 

9Glenn, L. C., “The Arkansas Diamond-bearing Peridotite Area” (ab- 
stract), Science, new ser., vol. 35, p. 312, 1912; “ Arkansas Diamond-bearing 
Peridotite ” (abstract with discussion by A. H. Purdue), Geol. Soc. America, 
Bull., vol. 23, p. 726, 1912. 
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the senior author,’ all of whom have written short papers de- 
scribing the diamonds and the peridotite that incloses them. Be- 
sides the reports cited in the footnotes, “ The Mineral Industry ” 
for 1907 and subsequent years and also “ Mineral Resources of 
the United States”’ for 1906 and subsequent years, contain de- 
scriptions of the Arkansas diamond deposits. It is of interest 
to note that Branner,” in an article published in 1909, made the 
statement that he, at the time of his field examination in the late 
eighties, recognized the peridotite as the kind of rock in which 
diamonds occur in South Africa. He spent many hours on his 
hands and knees looking for diamonds in the gullies and over 
the bare surfaces of the decomposed rocks; but he did not dare 
mention, at that early date, his suspicion of the occurrence of 
diamonds because to do so would have added fuel to the wild 
mining excitement that was then raging farther north in Arkan- 
sas. 

Mr. Miser spent some five or six weeks at the mines in 1912, 
1916, and 1917 in making geologic and topographic maps of the 
peridotite areas and in obtaining other information. The rock 
specimens that were collected during these years have been studied 
by Mr. Ross, who has written the paragraphs on the petrography 
of the peridotite. 

A number of writers have stated that the peridotite forms 
volcanic necks or pipes, and have also stated that it is similar to 
the diamond-bearing peridotite in South Africa. But thus far 
little or no evidence has been published to prove these statements. 
Some of the evidence for these statements, as well as other infor- 
mation regarding the diamonds and the peridotite, is here pre- 
sented. 


SURFACE FEATURES. 


The part of Pike County in which the diamond mines occur 
is in and near the north edge of the Gulf Coastal Plain. The 

10 Miser, H. D., “ New Areas of Diamond-bearing Peridotite in Arkansas,” 
U. S. Geol. Survey Bull. 540, pp. 534-546, 1914. 

11 Branner, J. C., “Some Facts and Corrections Regarding the Diamond 
Region of Arkansas,” Eng. and Min. Jour., vol. 87, pp. 371-372, 1909. 
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surface away from the wide stream flats is hilly and gently 
rolling and ranges in elevation from 300 to 550 feet above sea 
level. The principal stream is Little Missouri River which runs 
south. 

ROCKS ASSOCIATED WITH PERIDOTITE. 

The rocks associated with the peridotite are sedimentary rocks 
which are of Carboniferous, Lower Cretaceous, Upper Cretaceous 
and Quaternary ages. (See Fig. 58.) The Carboniferous rocks 
are shales and sandstones which were compressed into close 
east-west folds near the middle of the Pennsylvanian epoch. Be- 
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LIST OF MINES AND PROSPECT 
1, KIMBERLITE; 2,AMERICAN; 3,BLACK LICK PROSPECT; 4,MAUNEY; 5,OZARK; 6, ARKANSAS. 


Fic. 58. Geologic map of a part of Pike County, in southwestern Arkansas, 
showing the location of the peridotite areas and the diamond mines. 
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tween this epoch and the Lower Cretaceous epoch they were 
greatly eroded and a peneplain was formed which beveled their 
upturned edges. This peneplain was submerged near Murfrees- 
boro as well as in other areas during the Lower Cretaceous epoch, 
and upon it several hundred feet of gravel, sand, clay and lime- 
stone, which comprise the Trinity formation, was laid down. A 
period of erosion followed the Lower Cretaceous epoch. In con- 
sequence of this the next younger strata, the gravels, sands, and 
clays of the Bingen formation, of Upper Cretaceous age, rest 
unconformably upon the Trinity formation. Both the Trinity 
and the Bingen have a dip of about 100 feet to the mile toward 
the south. Terrace and alluvial deposits of Quaternary age which 
consist of gravels and silts 25 feet thick or less occur along Little 
Missouri River and its larger tributaries. 


THE PERIDOTITE, 


The peridotite in each of the separate occurrences is similar, 
and was intruded into the Carboniferous rocks and the Trinity 
formation. The Carboniferous sandstones have been changed 
to qtartzites at places and the clays of the Trinity formation 
have been vitrified for a few feet away from the peridotite. That 
the volcanic activity took place before Bingen time is shown by 
the occurrence of pebbles of peridotite in the Bingen formation 
at places and by the fact that the peridotite underlies the Bingen. 
(See Fig. 59.) Its intrusion probably accompanied the diastrophic 
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Fic. 59. Section through the American mine, Pike County, Ark., illustrating 
the relations of the peridotite to the Trinity and Bingen formations. 


movements that produced the downwarping of the Mississippi 
embayment early in Upper Cretaceous time. 
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The area of peridotite near the mouth of Prairie Creek which 
so far as known is larger than the others presents much the 
best rock exposures, and furthermore it has produced practically 
all of the diamonds from Arkansas. Although it covers an area 
of 73 acres, the exposures of the hard unweathered rock do not 
cover more than 12 acres, for the peridotite has weathered to 
a soft earth at most places and to a fairly soft rock at other 
places. These weathered materials show many shades of 
green, blue, and yellow, and are known by the miners as “ green 
ground,” “blue ground,’ and “yellow ground.” The earth at 
the surface from 1 to 4 feet thick is black from the presence of 
organic matter and is known as black ground. The depth of 
the altered peridotite has not been fully determined though it 
has been shown by drill holes io be at least 205 feet at some 
places. 

The peridotite is divisible into three distinct types. One is 
a massive hypabyssal intrusive, another is a volcanic breccia 
which is almost identical with the intrusive in mineral composi- 
tion, and the third is a volcanic tuff or fine-grained breccia. The 
distribution of the three types in the Prairie Creek area is shown 
on the map (Fig. 60). Most of the diamonds have been obtained 
from the volcanic breccia. 

The intrusive peridotite is the least altered rock of the area, 
and when fresh is dull black, greenish black, or brownish black 
in color. Phenocrysts of olivine usually partly altered to ser- 
pentine reach a maximum diameter of about 10 millimeters. 
Small amounts of chromite have been recognized and occasionally 
a flake of phlogopite reaches megascopic size. 

The microscope shows that the rock is composed essentially of 
olivine phenocrysts in a ground-mass of pale red brown mica. 
Augite is usually an important minor constituent, and perovskite 
and magnetite are always present in small amount. (See Plate 
XIV., A.) A typical specimen of the hypabyssal peridotite had the 
following composition: 
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Mopbe or HypasyssaL INTRUSIVE PERIDOTITE. 
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In some specimens the alternation of the olivine to serpentine 
is almost complete, but in many of the larger phenocrysts altera- 
tion has occurred only along the borders and cracks. Most of 
the olivine-serpentine areas are surrounded by a narrow reaction 
rim of phlogopite, which, unlike the other phlogopite, contains 
no poikilitic inclusions. The most abundant mineral of the 
ground-mass is phlogopite occurring in fine-grained aggregates, 
in large anhedral crystals, and as narrow reaction rims around 
olivine grains. Most of the phlogopite is poikilitic and incloses 
augite, perovskite, and magnetite. There appear to be two gen- 
erations of phlogopite: the earlier pale reddish brown in color, 
and the later generation, which includes that forming reaction rims 
around the olivine, dark reddish brown. The lighter-colored 
variety is normal in its characteristics, but the darker variety is 
peculiar in that its direction of maximum absorption is the reverse 
of that in normal micas. 

The volcanic breccia which shows bedding at some places is 
usually much more altered than the intrusive peridotite, and then 
has a dull dirty gray-green color. (See Plate XIV., C.) Its 
original mineral composition, however, was similar to that of the 
intrusive rock. The least altered volcanic breccias are composed 
of rock fragments that vary greatly in texture, as some are por- 
phyritic peridotites, while others are completely aphanitic. (See 
Plate XIV., B.) The phenocrysts are light-colored aggregates of 
serpentine derived from olivine with occasional cores of fresh 
olivine, and a few flakes of dark mica can usually be recognized. 
The microscope shows that the rock differs little from the hyp- 
abyssal phases. Olivine phenocrysts partly altered to serpentine 
are abundant, and a few small phlogopite phenocrysts are pres- 
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ent. The ground-mass is composed of a fine-grained aggregate of 
phlogopite, augite, magnetite, and perovskite. 

A group of pyroclastic rocks that appear to have had a dif- 
ferent history from the volcanic breccias cover extensive areas 
in the region. These rocks are similar to and closely associated 
with rocks that appear to be dikelike injection breccias. They 
are for the most part tuffs or fine-grained breccias, the individual 
fragments of which reach a maximum size of about 2 centimeters. 
The color is a light gray with a decided blue shade. The blue- 
gray tuff varies greatly in texture. Some specimens are com- 
posed of fragments that average less than 1 millimeter in diameter 
and have an even-grained lithoidal appearance. Others contain 
similar material inclosing fragments up to 10 millimeters in 
diameter, and still others are made up largely of such fragments 
with only a little fine-grained matrix between the fragments. 
Reddish-brown phlogopite occurs in fine fresh flakes, commonly 
I millimeter or less in diameter, but occasionally reaching 3 milli- 
meters in diameter. Many small white or pale yellow areas are 
serpentine, probably derived from olivine. The microscope shows 
that the most abundant mineral of the rock is a pale blue-green 
chlorite that is secondary to an older mineral, probably the 
fine-grained phlogopite aggregate that formed the ground-mass 
of the original rock. In some specimens these chloritic grains are 
angular in outline and are formed of radial aggregates with a 
small amount of fine-grained phlogopite remaining unaltered. 
This leads to the conclusion that the original rock was an olivine- 
mica peridotite like the hypabyssal rock and volcanic breccia. 
Other minerals in the tuff are magnetite, secondary calcite, and 
fine-grained opaque aggregates. 

The alteration of the light-colored blue-gray volcanic tuff is 
much more complete than that in the hypabyssal rocks and the 
volcanic breccias and so the original composition of the tuff is very 
much more problematical, but there is no reason to suspect any 
very great difference from those types in the original mineral 
composition. 

Inclusions of various foreign rocks are present in all three 
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types of peridotite and are especially abundant in the tuffs and 
intrusive breccias. These are for the most part dark shales, 
probably derived from deeply buried Paleozoic beds, but altered 
limestone and sandstones are not uncommon. The smaller frag- 
ments included in the intrusive rock, breccia, and tuffs are in- 
durated and occasionally contain chlorite and pyroxenes. The 
shale fragments in the intrusive breccias are almost unaltered and 
at most show slight induration. A few inclusions of much al- 
tered hypersthene rocks have been observed. 

Associated with and grading into the purely pyroclastic tuffs 
are rocks that resemble them and which can not be sharply sepa- 
rated from them. These rocks contain variable proportions of 
material that is not derived from the peridotites. Quartz is much 
the most abundant foreign material, but alkalic feldspars are 
not uncommon. The quartz shows enlargement but well-rounded 
cores are present in many of the grains, leaving no doubt that 
the quartz had a sedimentary origin. This makes it seem clear 
that parts of the tuff beds were reworked with the admixture of 
quartz and feldspar derived from nearby sands and sandstones. 

In Pike County, Arkansas, there appear to have been three 
different times of volcanic activity. First the hypabyssal perido- 
tite was intruded into the Carboniferous and Lower Cretaceous 
rocks; then volcanic explosions took place producing the perido- 
tite breccia; and next other explosions took place forming the 
tuffs and fine-grained breccias. 


COMPARISON OF ARKANSAS AND SOUTH AFRICAN ROCKS. 


Wagner ** says of the South African peridotites: ‘The pipes 
represent deeply eroded, funnel-shaped volcanic necks of the 
Maar type, which appear to have been formed by the violent ex- 
plosive liberation at the earth’s surface of highly compressed 
vapors and gases, emanating from a deep-seated, ultra-basic 
magma. They are occupied as a rule by non-volcanic detritus 
derived from the shattering and comminution of the rocks pierced 


12 Wagner, Percy Albert, “The Diamond Fields of Southern Africa,” p. 5, 
1914. 
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by the explosions, by fragmentary material derived from tritura- 
tion of kimberlite, and at greater depths by solid plugs of the 
later rock.”’ 

The diamond-bearing rocks of South Africa have been divided 
by Wagner into two types, both of which occur as intrusives and 
as volcanic breccias. That occurring in most of the pipes is 
described as “a porphyritic, basaltic kimberlite rich in olivine and 
poor in mica.” The second, occurring in some of the pipes and 
many of the dikes and sills, is “a porphyritic mica peridotite of 
lamprophyric habit.” Both types are diamond-bearing. The 
last named rock is strikingly similar to the peridotites of the 
Arkansas diamond field. Both are mica peridotites with olivine 
phenocrysts in a ground-mass of phlogopite comprising approxi- 
mately 50 per cent. of the rock. In the rocks of both Arkansas 
and South Africa phlogopite with abnormal absorption has been 


observed. Accessory minerals in both rocks are perovskite, augite, 
pyrope, and iron ores. In Arkansas as in South Africa the 
diamonds come largely from a peridotite breccia, evidently pro- 


duced by exceedingly violent volcanic explosions which shattered 
the peridotite and mixed with it a large proportion of fragments 
derived from the adjacent country rocks. 


THE DIAMONDS. 


The diamonds have been found not only on and near the sur- 
face but at depths of as much as 20 feet. How much deeper 
the diamonds extend is not known, but it is probably much 
greater than the depth to which mining could be carried. The 
yield of diamonds in carats per load of diamond-bearing ma- 
terial varies from place to place in the mines and also with depth, 
but the exact yield, as it has been determined by the great amount 
of work that has been done by the mining companies, is not 
known. A few conclusions which seem to be supported by the 
available facts are here presented. 

Most of the diamonds from the Arkansas, Ozark, and Mauney 
mines have been obtained within the area in which the volcanic 
breccia is exposed. Austin Q. Millar, one of the mine operators, 
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A. Photomicrograph showing hypabyssal peridotite from summit of Middle 
Hill, Prairie Creek area, near Murfreesboro, Pike Co., Ark. Lower left 
corner, phenocryst of olivine, core fresh olivine, outer zone serpentine. Small 
prisms augite. Small black areas perovskite, large black areas magnetite. 
Gray ground-mass is a phlogopite aggregate. Magnification X 50. 

B. Photograph of polished surface of volcanic breccia from Mauney mine 
near Murfreesboro, Pike Co., Ark. Composed of aggregate of peridotite 
fragments. Natural size. 

C. Altered volcanic breccia in cut of Ozark mine near Murfreesboro, Pike 
Co., Ark. The bedding dips about 30° W. 
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states that the soft, decomposed peridotite overlying the hyp- 
abyssal intrusive peridotite in the north part of the Mauney mine 
is nearly or entirely barren of diamonds. The diamonds wher- 
ever they are present have probably been concentrated on and 
near the surface by the weathering and erosion of the diamond- 
bearing rock. That this is true is indicated by the great quantity 
of heavy concentrate minerals per cubic foot in the soil in com- 
parison with the very small quantity of such minerals in the 
diamond-bearing material that is beneath the soil. This supposi- 
tion is also apparently supported by the results of the mining 
that was done by the Ozark Diamond Mines Corporation which 
obtained a larger yield of diamonds from surface material than 
from the underlying decomposed rock. 

The number of diamonds that have been found is known only 
in part, because the mining companies have withheld from publi- 
cation the complete figures of production. The production so 
far as it is known to the writers includes at least 5,300 diamonds 
to the end of 1920. Most of the diamonds have been held by the 
companies, though some uncut stones have been given away or 
sold and some cut stones have been sold. The first sales of cut 
stones were offered to the public in 1921 by Tiffany & Co. of 
New York and by the Chas S. Stifft Co. of Little Rock, Arkansas. 

Some of the diamonds are so small that 250 would be required 
to weigh one carat whereas the largest diamond weighed 20% 
carats. The average weight of the 3,000 diamonds produced 
from the Arkansas mine to the end of 1920 is stated by Kunz** 
to be about 0.4 carat, but the average weight of the production 
from all the mines is probably between 0.3 and 0.4 carat. 

The bulk of the diamonds are white, brown, and yellow in 
color. Austin Q. Millar, of the Kimberlite Diamond Mining 
& Washing Company, which has operated the Mauney and Ozark 
mines, states that the white stones comprise 40 per cent. of the 
mine run yield, that the yellow stones comprise 22 per cent., the 
brown stones 37 per cent., and bort 1 per cent. Stones have been 
found with a blue or pink tinge and occasionally a “ frosted” 


13 Kunz, G. F., Eng. and Min. Jour., vol. 103, p. 160, Jan. 22, 1921. 
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or etched white is noticeable in the recoveries. Most of the 
diamonds are crystals and the most common forms are trisocta- 
hedrons and hexoctahedrons, though some octahedrons and do- 
decahedrons are present. Crystals with sharp angular faces are 
rare; rounded surfaces greatly predominate. Fragments and frac- 
tures are much more noticeable when mining is being done in 
surface material; but with slight depth in the volcanic ground 
these features were almost absent. 

Kunz and Washington** have published the statement that 
there is a large proportion of white stones, for the most part of 
a high grade in color, brilliancy and freedom from flaws. They 
also state that many stones are as fine as have ever been found 
and that some of the yellow ones are of exceptional quality and 
color. 

U. S. Geotocicat Survey, 
Wasurncrton, D. C. 


14 Kunz, G. F., and Washington, H. S., “ Diamonds in Arkansas,” Am. Inst. 
Min. Eng., Trans., vol. 30, pp. 173-174, 1909. 
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INTRODUCTION. 

The eroded plateau region of southwestern Colorado, known 
as the San Juan Mountains, embraces within its rugged confines 
a metallogenetic province of surpassing interest. One of the 
most celebrated mining camps of the region is that of Telluride 
which lies near the eastern border of San Miguel County in the 
area drained by the headwaters of the San Miguel River. 

Although the region was traversed by white men as early as 
18337 it was not until 1875 that the first prospector entered the 
upper reaches of the San Miguel. In that year the Smuggler 
vein was discovered and a ton of ore worth $2,000 was packed 
to the smelter at Alamosa. In spite of the inaccessibility of the 
region and the lack of adequate transportation other claims were 
located and became small producers of rich silver ore. In the 
pioneer days, with the nearest railway point some 250 miles dis- 
tant, only ore of the highest grade could be shipped, but with the 
advent of the Rio Grande Southern Railway in 1891 additional 
impetus was given to the development of the Telluride district. 

1C. W. Purington, 18th Annual Report, U. S. Geol. Survey, part III., 1897, 
Dp. 745-850. 
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Prior to 1882 the value of the precious metals produced by the 
area was estimated by Purington to be $50,000. From this time 
until 1892 silver was the principal metal recovered but ever since 
then gold has been the most important item of production. In 
1919 the Telluride district* maintained its output yielding ap- 
proximately $2,105,490 in gold and 1,100,942 ounces of silver 
which came principally from the Liberty Bell, Tomboy and Smug- 
gler-Union mines. The production of the precious metals is, 
however, slowly declining, while the development of the sulphide 
ores has greatly increased the proportion of copper, lead and zinc 
produced by the district. 

Scope of Investigation—The present paper is the outcome of 
a study carried on with an extensive suite of specimens in the 
laboratory of the Massachusetts Institute of Technology. This 
collection was made in 1915 at the request of Mr. Arthur Wins- 
low of the Liberty Bell Mining Company of Boston and presented 
to the Institute. The specimens from the Smuggler, Pandora, 
Revenue and Black Bear veins, which constitute the bulk of the 
suite, were obtained through the courtesy of Mr. C. N. Bell of 
the Smuggler-Union Mining Company. These specimens were 
taken to represent the unaltered country rock, the country rock 
next to the vein and the vein material and were accompanied by 
certain references as to location and association which have been 
of inestimable value in this investigation. For permission to use 
this collection the writer is indebted to Dr. Waldemar Lindgren 
whose kindly advice and helpful criticism have ever been an 
inspiration in the completion of this study. 


GENERAL GEOLOGY. 


Physiography.—The Telluride quadrangle lies on the western 
edge of the great elevated San Juan Mountain area. It includes 
the larger portion of San Miguel County and portions of Ouray, 
San Juan and Dolores counties. From the town of Telluride, at 
an elevation of 8,756 feet on the San Miguel River, the altitude 
increases rapidly to the northeast until within several miles of 


2“ Mineral Resources of the U. S.,” part 1, 1919, p. 760. 
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the town peaks rise above 13,000 feet and mark the divide be- 
tween Ouray and San Miguel counties. To the west of this 
divide the tributaries of the San Miguel River issue from gulches 
which terminate in level, amphitheatre-like basins, often of glacial 
origin, carved in the andesitic flows and pyroclastics which cover 
the summits to a depth of several thousand feet. In these basins 
the vertical or steeply-dipping veins can be seen traversing the 
almost horizontal volcanic formations. This is true of the Smug- 
gler vein which extends in a northwesterly direction from Mar- 
shall Basin across the St. Sophia divide into Ouray County, a 
distance of about four miles. Mining in these higher basins is 
carried on throughout the year in spite of the rigorous climate 
and the damage wrought by the numerous snow-slides which 
sweep tramway towers and buildings before them. 
Stratigraphy.—The areal geology of the Telluride quadrangle 
was completed by Whitman Cross in 1896. An abbreviated out- 


line of the formations mapped by him is given in the following 
table: 


GEOLOGIC COLUMN. 

















Period. Formation. Thickness. Character. 
Quaternary. .,; Alluvium Lake and river deposits and glacial 
beds. 
Basic dikes. 
Gabbro-diorite in- 
trusive. 
Potosi series 300-600 ft. | Rhyolite flows. 
Tertiary... ..| Silverton series 700 6 **_:—~ |: Interbedded flows and breccias of 
andesite and rhyolite. 
San Juan series 2,000 ** | Andesitic tuffs, breccias and ag- 
glomerates. 
Telluride 210-300 “‘ | Coarse conglomerate. 
UNCONFORMITY 
Cretaceous ..| Mancos 300 ** | Gray sandy shale. 
Dakota 150 ** | Gray or brown quartzose sandstone. 
Juratrias....) McElmo 600 ‘ | Sandstone and shale. 
La Plata 100 6. **_-:—«XY|« White sandstone and limestone. 
Dolores 1,550 ** | Red sandstone, grit, conglomerate 


and shale. 





Algonkian... Quartzite and rhyolite. 
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Since the veins to be described later are confined, so far as is 
known at present, to rocks of Tertiary age, a brief description of 
these formations will be given. Cross* considers that dynamic 
forces were most intensely active during three great periods of 
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Fic. 61. Sketch map of the Tertiary formations intersected by the Smuggler 
vein at Telluride, Colo. 


Tertiary time. In the first of these periods the long cycle of 
Cretaceous sedimentation was terminated by a continental uplift. 
The elevated areas were subjected to intense erosion and finally 
subsided leading to the formation cf the early Eocene Lakes. In 
the Telluride area Cross believes that a plain of moderate relief 
resulted from this erosion. This plain became the floor of San 
Miguel Lake in which the several hundred feet of Telluride con- 
glomerates and sandstones were deposited before the great vol- 
canic outburst of southwestern Colorado began. ; 

In the second period the volcanoes of San Juan emitted vast 
volumes of volcanic material. The eruptions, however, were not 


3 W. Cross, U. S. Geol. Survey, Folio 57. 
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continuous, which makes it possible to subdivide the flows and 
pyroclastics into fairly distinct groups. Overlying the conglom- 
erate is the stratified San Juan group of andesitic tuffs, breccias, 
and agglomerates which extend upward in Marshall Basin to an 
elevation of 12,000 feet. The Silverton series is transitional 
between the San Juan below and the Potosi above and has been 
separated from these formations on the basis of the period of 
eruption of its flows and pyroclastics rather than on lithologic 
differences. It consists of alternating rhyolite and andesite flows, 
tuffs, and breccias. Above the Silverton series and capping the 
higher ridges are the columnar Potosi rhyolites and interbedded 
tuffs. Although andesitic extrusions are also present in the 
Potosi they are, however, comparatively insignificant. 

Since the close of this period of vulcanism erosion has sculp- 
tured from the mass of flows and pyroclastics the existing San 
Juan Mountains. It has also laid bare stock-like igneous bodies 
which cross-cut all the volcanic formations. The intrusive mass 
to the north of Telluride is, according to Cross, intermediate be- 
tween diorite and gabbro. It is difficult to fix the age of these 
intrusions beyond the fact that they are later than the Potosi 
series which is probably of middle or late Tertiary age. 


THE VEINS. 


That the fissuring is connected in some way with the dynamic 
forces active during the formation of the San Juan Mountains 
no one seems to doubt but opinions vary considerably as to the 
immediate cause of the fissuring. Purington* gives the follow- 
ing explanation: 

Since the fissuring is later than all the rocks of the Telluride quad- 
rangle, volcanic disturbances whose product is now visible cannot be cited 
to account for it, but it is entirely possible that later disturbances of vol- 
canic nature, which did not result in surface flows of lava, have produced 
a straining to the point of rupture in the tract under consideration, 


Ransome,°® on the other hand, concluded from his studies in the 


4 Op. cit., p. 770. 
5 F, L. Ransome, Bull. 182, U. S. G. S., 1901, p. 66. 








680 MACLEOD E. HURST. 


neighboring Silverton quadrangle that the fissuring was not only 
post-volcanic but, in most cases, was later than the monzonitic 
intrusions which cut the volcanic series. These observations led 
him to suggest that the stresses through which the fissuring 
originated were due principally to local gravitative readjustment. 

Whatever may have been the origin of the fissures they have 
undoubtedly formed channels along which the vein-forming solu- 
tions could readily ascend. Banding, crustification and vug- 
structure are quite common and point to the formation of the 
veins by the filling of open spaces. The steeply-dipping veins 
are also remarkable for their continuity along the strike and their 
vertical persistence intersecting, as they frequently do, the whole 
thickness of volcanic formations. The veins vary in width from 
12 feet down, but average about 3% feet. Purington® states 
that in working out the ore bodies the ore was found to lie in 
layers or “floors.” The most evident cause being a purely 
mechanical one whereby fissuring did not take place with equal 
facility in all the rocks. For instance, veins having a width of 
5-15 feet in the Silverton andesite are frequently represented by 
narrow seams of quartz in the overlying Potosi rhyolite. In the 
San Juan breccias the veins usually have good but variable width 
but on entering the Telluride conglomerate below they become 
narrow and irregular. The varying influence of the successive 
horizons of wall-rock in the precipitation of the ore minerals in 
the veins may further explain the occurrence of these horizontal 
ore bodies. 

THE SMUGGLER VEIN. 


Since the suite of specimens is most complete from the Smug- 
gler vein the relationships prevailing there will be discussed in 
some detail and may be taken as fairly typical of the other veins 
in the region. 

The Smuggler fissure is one of the most persistent in the dis- 
trict. The vein strikes in a northwesterly direction and dips 
steeply to the west. It varies from two to five feet in width and - 
cuts through andesite, tuff and rhyolite for a vertical distance of 


6C. W. Purington, Econ. GEox., vol. 1, 1905-6, p. 12 et seq. 
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2,000 feet. The structure of the Smuggler vein is that char- 
acteristic of filled-fissures in general, crustification, banding, and 
vug-structure being quite common. 


Rock-Alteration. 


It is indeed hard to obtain a clear conception of the original 
character of the country rock in view of the profound alteration 
it has undergone since Tertiary time. Analyses of the volcanic 
rocks are exceedingly scarce and on this very point Purington‘ 
remarks that : 


The San Juan breccias and the volcanics are made up of material so 

decomposed that no specimen has yet been taken from which an analysis 
of any value might be made. 
Thin sections from the supposedly unaltered country rocks 
were examined but in every instance few of the original 
constituents have remained unaffected by alteration. In this 
connection Cross mentions that their state of decomposition is 
such as to render any special petrographic description unsatis- 
factory. The volcanic rocks vary greatly in texture and composi- 
tion, occurring either as massive flows or as beds of pyroclastic 
material. The San Juan tuffs consist of angular fragments 
clearly belonging to many types of andesite. Most have a micro- 
crystalline or cryptocrystalline groundmass. The larger frag- 
ments are the same as those in the tuffs. Hornblende and augite- 
bearing andesites are the most common. The Potosi rhyolites 
are characterized by fluidal structure, abundance of globulites or 
spherulitic aggregates, and general devitrification. The feldspars 
are mostly labradorite, which suggests that the rocks may often 
be nearly dacitic, although alkali feldspars are also present. The 
Silverton series contains rocks which may exhibit the features of 
either of the other groups. 

Sericitization——The wall-rocks from 400 to 1,845 feet below 
the surface were studied in detail. In this distance the vein cuts 
rhyolitic and andesitic tuffs, breccias and agglomerates. These 
rocks differ only from the surrounding country rocks in the in- 


7C. W. Purington, 18th Annual Report, part III., 1897, p. 821. 
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tensity of alteration which they have undergone. Although, in 
some cases, it is still possible to recognize the original structure 
of the rocks, in most instances, the andesitic fragments in the 
tuffs and breccias have been so bleached and altered that they 
can no longer be distinguished from the detritus inclosing them. 
For the most part alteration has been only partial although, in 
extreme cases, clay-like masses of sericitic material adjoin the 
fissure. From the present study it seems probable that the rhy- 
olitic or more acid facies have been less intensely altered than the 
andesitic rocks, although this may not be without exception. 

After the formation of the fissures the tuffs and breccias were 
exposed to the metasomatic action of hot ascending alkaline solu- 
tions charged with hydrogen sulphide and carbon-dioxide. The 
hydrothermal alteration induced in the wall-rock on either side of 
the vein by these solutions resulted in the sericitization of a nar- 
row zone varying from almost nothing to several feet in width. 
Where this process has been most intense the end-product consists 
of an almost cryptocrystalline mixture of sericite, secondary 
quartz, pyrite and more or less calcite. Microchemical tests* 
made with the highly sericitized material gave proof of the pres- 
ence of potassium. The powdered wall-rock was treated with 
hydrofluoric acid and, after filtering and evaporating the filtrate 
to dryness, the residue was dissolved in sulphuric acid. Toa drop 
of this concentrated solution was added a drop of bismuth sul- 
phate solution and the hexagonal plates of potassium bismuth 
sulphate soon formed in abundance. Although this reaction is 
even more sensitive in detecting sodium very little, if any, of the 
metal was found to be present. It seems probable, therefore, 
that potash has been introduced and soda removed by the ascend- 
ing hot waters. 

In this process of sericitization the ferro-magnesian minerals, 
which seem from their skeletal outlines to have been usually 
augite or hornblende, were first replaced by chlorite, quartz and 
pyrite. As the alteration became more intense sericite developed 
in place of the chlorite and the basic feldspar phenocrysts were 


8 Behrens-Kley, “ Microchemische Analyse,” 1915, p. 29 and p. 34. 
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replaced by matted aggregates or minute flakes of sericite which 
have a rather low birefringence. The more acid feldspars, usu- 
ally in the groundmass or about the periphery of zonal inter- 
growths, have resisted the development of sericite almost as well 
as have grains of original quartz. Magnetite, so abundant in 
the fresher rocks, disappears completely and probably furnished 
some of the iron now present as pyrite. The groundmass is 
usually obscure and consists of microcrystalline aggregates of 
sericite, secondary quartz and often calcite. Pyrite occurs as 
microscopic crystals replacing the earlier products of alteration 
volume for volume. From a study of the thin sections it seems evi- 
dent that the development of sericite was almost contemporaneous 
with the formation of secondary quartz but preceded that of pyrite. 
Narrow veinlets of quartz penetrating the altered wall-rock are 
often bordered by thin margins of sericite, while pyrite occurs in 
the center of the veinlets. Adularia is probably present in minute 
amounts although its determination is rendered uncertain when 
grains must be sought for with the highest magnifications. Grains 
of epidote are of rare occurrence. Calcite, when present, is 
usually the last mineral to develop at the expense of the plagio- 
clases or chlorite in the less altered rocks. Apatite needles have 
persisted without alteration. 

Powdered samples of typical wall-rock from a depth of 750 
feet below the surface were treated separately with dilute hydro- 
chloric and nitric acids in order to see if any soluble aluminum 
silicates were present. In each case aluminum was found to 
have dissolved, in addition to iron, calcium, and sulphate radicle. 
In what form the aluminum occurs is not certain as it is difficult 
to tell whether flaky silica has separated out when an insoluble 
residue of wall-rock remains. No gelatinous silica was obtained. 
As gypsum was identified in the hand specimens it is probable 
that the sulphate and some of the calcium are combined in this 
way. A thin section of this wall-rock, after removing the cover 
glass, was treated with dilute hydrochloric acid. After carefully 
removing the acid the section was allowed to stand in a solution 
of congo red for several hours. After gently removing the 
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stain with distilled water the slide was examined under the micro- 
scope but apparently none of the silicates had been attacked by the 
acid. It seems probable, therefore, that zeolites are absent and 
the source of the aluminum found in the wet tests still remains 
in doubt. 

In order to confirm the conclusions reached by petrographic 
and microchemical study a partial analysis of the altered foot- 
wall from a depth of 1,800 feet was made. A representative 
sample of this rock was analyzed by Miss H. E. Vassar in the 
laboratory of the Geological Department of the Massachusetts 
Institute of Technology and gave the composition shown in the 
first column of Table I. 

In thin section the original andesitic character of the rock ap- 
pears to have been entirely obliterated by hydrothermal alteration. 
Almost the whole slide consists of fine leaves or shreds of sericite 
intimately intergrown with small irregular grains of secondary 
quartz. Microscopic crystals or crystalline aggregates of pyrite 
replace the sericite and quartz. Needles of apatite have resisted 
the alteration. Chlorite and carbonates are absent. 


TABLE I. 
RE-CALCULATION OF THE ANALYSIS. 


Sericite 
% Molec. (2H20.K20.3A1203. 
Prop. 6SiO»2). 
BOS). 5 0s : Sey, 68.63 1.144 336 
Al2O3 ; 18.60 .182 .168 
Fe2O3. . . ‘ note 2.04 .026 
a0... : 85 .O15 
MgO. 15 -004 
MnO , 41 .006 
CS Or SIIB A jess .056 .056 
Na2O A .07 } 
Loss on ignition ‘ ‘ 4.34 -I12 water. 


100.27 


By using the formula ordinarily given for sericite (2H,O.- 
K,0.3AI1.0,.6SiO.) that present in the rock analyzed would 
have the following composition : 
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Per Cent. Per Cent 

of Total. in Sericite 
art ee tation wich s Co aiseincenice .336 X 60= 20.16 45.23 
Pg oles sacle onshore Heid Ss tvaveera.o ee lecate .168 X 102 = 17.14 38.46 
CC TR Sane Sear ee eee 056 X 94= 5.26 11.80 
EAMG eho ok eaten esas eitts 112 18 = -2.01 4.51 
44.57% 100.00 


The percentage of sericite would be slightly increased if the 
MgO, MnO and part of the Fe.O; were contained in the mica. 
A comparison with the numerous analvses of muscovite given in 
Doelter’s ‘“‘ Handbuch der Mineralchemie” shows that these oxides 
are frequently present. The lime is thought to be largely cotn- 
bined in apatite which is known to be present. Some of the iron, 
if not all of it, occurs as pyrite. The silica remaining, after 
that required by the sericite was deducted, is considered to be 
almost entirely in the form of quartz. Quantitatively, the rock 
consists of 45-49 per cent. sericite, almost an equal amount of 
quartz, from I—I.5 per cent. pyrite and a little apatite. Although 
titanium was not reported in the analysis, rutile is known to occur 
occasionally in the wall-rock. 

Propylitization—Beyond the narrow fringe of sericitized 
wall-rock is a wider but still variable zone in which the propylitic 
facies is fairly well developed. It is almost impossible to say 
where sericitization ends and propylitization begins as the two 
processes are but different phases of hydrothermal alteration and 
so the change of one type of alteration into the other is transi- 
tional rather than sharply defined. In this outer zone chlorite, 
calcite, and pyrite are the typical products of alteration. Here 
the magnesia, alumina, and ferrous oxide of the former matic 
minerals remain in the form of chlorite. Sericite is much less 
frequently present, calcite usually taking its place in the alteration 
of the feldspars and chlorite. The appearance of chlorite within 





such a short distance of the actual walls shows that solutions 

rich in alkaline carbonates and carbon-dioxide. did not permeate 

far into the walls, for, according to Lindgren,’ chlorite becomes 
’ dD dS 


9W. Lindgren, Trans. A. I. M. E., 1900, p. 33. “ Metasomatic P 
Fissure Veins.” 


rocesses in 
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unstable under such conditions. The presence of magnetite and 
the gradual disappearance of pyrite in this outer zone testifies to 
the waning of the metasomatic action. Epidote is rarely present. 

A strikingly similar example of rock-alteration in which seri- 
citization and propylitization have each taken part and which well 
illustrates the transitional nature of the two processes has been’ 
described from Silver Cliff, Colorado, by Emmons and Cross.*° 
Here, the andesites are bleached and decomposed as at Telluride. 
The pyroxenes are first replaced by chlorite, calcite, and quartz 
but on further alteration strong sericitization results and iron 
and lime are removed. The more basic feldspars are the first 
attacked while the alkali feldspars are the last to be decomposed. 
The magnetite disappears with the silicates. Pyrite is common 
and calcite is often present, especially replacing the plagioclases 
and chlorite. 

O-xidation.—That surface waters have penetrated the porous 
tuffs and breccias for variable distances cannot be doubted. The 
effects of oxidation are slight, however, in comparison with the 
alteration induced by the hydrothermal solutions ascending in 
the fissure. Near the surface pyrite has been oxidized and small 
. crystals are frequently surrounded by a brown margin of limonite. 
Prismatic crystals or stellate aggregates of gypsum occur along 
parting planes or on the quartzose linings of tiny vugs in the 
altered breccias. This mineral, no doubt, owes its origin to the 
interaction of free sulphuric acid, formed during the oxidation 
of the pyrite at the surface, with calcium carbonate so abundant 
in the wall-rock. Even at a depth of 1,900 feet a soft clay-like 
material, representing decomposition products leached from other 
minerals by descending waters, occurs in vugs in the quartz. In 
chemical and optical properties it corresponds with nontronite. 


Ore-Deposition. 
The Smuggler ores are dominantly quartzose. Nearly all the 
ore specimens contain, in addition to quartz, small quantities of 


10S, F. Emmons, W. Cross, 17th Ann. Rept. U. S. Geol. Survey, part II., 
pp. 269-472. 
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sphalerite, pyrite, galena and more rarely chalcopyrite. Some- 
times associated with the base-metal sulphides, but more often 
filling open cavities or vugs in the quartz, are the ore minerals, 
gold, silver, polybasite, pyrargyrite and tetrahedrite. When the 
base-metal sulphides are present the ore usually assumes a roughly 
banded appearance, due largely to the corrugated layers of sphal- 
erite, pyrite and galena intercalated between more or less irregu- 
lar streaks of quartz and fragments of brecciated wall-rock 
included in the filling. As a rule the sulphides are quite fine- 
grained, but in some of the wider stringers cleavage faces of 
galena and sphalerite may reach three or four millimeters in 
diameter. Rhodochrosite, ankerite and calcite, while often pres- 
ent, never occur to the exclusion of quartz. While crustification, 
banding and vug-structure, as found here, are features commonly 
observed in deposits formed near the surface, the hydrothermal 
alteration and the mineral association indicate clearly that the 
physical conditions prevailing at the time of deposition were 
those of the lower part of the epithermal zone. 

Macroscopic Details—The most common sulphide is pyrite, 
which occurs disseminated through the altered wall-rock as tiny 
idiomorphic crystals, usually cubic or pyritohedral in form, or 
intimately intergrown with the other sulphides in the vein-filling. 
Pyrite does not, participate in the banded structure as conspicu- 
ously as sphalerite but occurs typically as streaks which radiate 
from larger masses seldom distinctly crystalline. Occasionally 
slender prismatic crystals of arsenopyrite occur in the altered 
wall-rock with pyrite. Rosin-colored sphalerite, often coated 
with a black tarnish, occurs in irregular streaks or as massive in- 
tergrowths with the other sulphides in the bluish-gray quartz 
gangue. 

Tetrahedrite is of relatively rare occurrence in the Smuggler 
vein. It is usually found deposited on the quartzose linings of 
vugs and cavities in the vein-quartz. While seldom in idio- 
morphic crystals, tetrahedral faces are often visible. Chalco- 
pyrite is nearly always present and is intimately intergrown with 
the sulphantimonide. In one specimen from a depth of 1,900 
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feet tetrahedrite occurs in small patches in the white vein-quartz 
in close association with polybasite and pyrargyrite. The poly- 
basite is iron-black in color and is present as hexagonal prisms 
with striated basal planes. It is deposited on the tetrahedrite and 
is surrounded by or partly inclosed in hexagonal crystals of ruby 
silver. Although none of the specimens from near the surface 
contained the rich silver minerals, they were no doubt quite abun- 
dant in the early days. In fact, the large mill losses at that time 
were probably due to the difficulty experienced in recovering the 
silver from these compounds. 

Until 1892 silver was the principal metal produced at Tel- 
luride. After that time gold became the chief item of production 
and has since maintained its ascendancy although a few years ago 
the value of the silver output almost rivalled that of gold. While 
gold was present in the upper levels the specimens at hand do not 
contain it in visible amounts. Several specimens from a depth of 
1,800 feet below the surface contain an abundance of free gold. 
It occurs in disseminated laminz or particles which partially fill 
interstitial spaces in the white vein-quartz. These particles of 
gold are usually thin and flat with serrated or hackly margins. 
That the gold is one of the latest minerals introduced is evident 
from its occurrence as laminz or irregular particles intergrown 
with calcite on the walls of a cavity in the quartz. Gold occurs 
associated chiefly with polybasite and native silver. It is usually 
pale yellow in color and was thought to be electrum, but evidently 
silver is not present in sufficient quantities to be detected after 
boiling with nitric acid. Native silver occurs in specimens from 
“a depth of 1,800 feet as filiform or wiry aggregates filling inter- 
stices in the quartz or protruding into vugs. It is invariably 
associated with polybasite, tetrahedrite or gold. Native copper 
was found as thin arborescent laminz on a fracture plane in the 
gray quartz filling from 1,845 feet below the surface. It is very 
rare in the Smuggler workings and is obviously of supergene 
origin. ‘The reduction of copper-bearing solutions by ferrous 
sulphate might readily supply the small amount of native metal. 
That supergene processes have been active is also shown by the 
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sooty films of chalcocite which coat grains of pyrite in some 
cavities at least as far down as 1,750 feet. 

Quartz is the dominant gangue mineral occurring throughout 
the vertical extent of the vein. It is usually white or almost 
colorless when unaccompanied by the base-metal sulphides, but 
may become dark gray when they are present. The most char- 
acteristic feature of the vein-quartz is its cellular or porous nature. 
Usually, interlocking crystals of quartz project from the walls 
into the open spaces which have later been filled with gold or 
polybasite. As a rule the quartz is rather fine-grained, but no- 
where did it appear to be cryptocrystalline although spherical 
aggregates are occasionally seen. On the other hand, large 
crystals are not uncommon. Repeated depositions of quartz 
have taken place and may be represented by at least two and 
probably three generations. The first of these accompanied the 
sericitization and the introduction of the base-metal sulphides. 
The sulphides were later fractured and stringers of quartz filled 
the fractures. Drusy coatings of quartz which accompany cal- 
cite in some of the open cavities may be a still later generation. 

Rhodochrosite is fairly common in the vein-filling and is evi- 
dently one of the earliest minerals formed, as it bears the same 
relation to the base-metal sulphides as does the quartz. It may 
occur, however, as rhombohedral crystals or in plate-like aggre- 
gates in the quartzose vugs. Calcite in acutely terminated sca- 
lenohedral crystals often occurs coating the earlier carbonate. 
Ankerite forms grayish-white veinlets cutting the quartz or ac- 
companies calcite in the vugs. Calcite is the latest gangue min- 
eral, with the exception of minute amounts of gypsum, and is 
commonly seen as fine-grained films or coatings along fracture 
planes in the ore. 

Microscopic Details——Microscopic study of the Smuggler ores 
is rendered difficult by the lack of sulphides and ore minerals in 
the great volume of quartz. This necessitated making a large 
number of polished sections in order to gain a connected idea of 
the paragenesis. In the microscopic determination the methods 
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given by Murdoch* and by Davy and Farnham * in their text- 
books were followed. 

The outstanding feature is the predominance of filling over re- 
placement. Irregular spaces, vugs and druses lined with protrud- 
ing quartz crystals and partially or wholly filled by sulphides or 
gold are characteristic. The banding observed in the hand speci- 
mens was confined to the base-metal sulphides, while the later ore 
minerals as polybasite, tetrahedrite, and gold invariably occur in 
vugs or as veinlets cutting the quartz. Sections containing frag- 
ments of altered wall-rock show that replacement by pyrite and 
more rarely by sphalerite and galena has taken place on a small 
scale but the ore minerals never occur in this way. 

Although the specimens studied more particularly were those 
from a depth of 1,800 to 1,900 feet below the surface it was 
found that such minerals as quartz, pyrite, chalcopyrite, sphalerite, 
and galena were almost universal in their distribution. On the 
other hand, the ore minerals gold, silver, polybasite, pyrargyrite, 
and tetrahedrite were much less abundant and, in most cases, 
were confined to isolated specimens. 

Pyrite occurs in two ways. In the first it has developed by 
replacement in the altered wall-rock and occurs as microscopic 
crystals scattered through it. On the other hand, the pyrite in 
the vein participates in the banding and accompanies the other 
sulphides in filling cavities in the vein-quartz. Replacement of 
the quartz, while present to some extent, is almost negligible. A 
most remarkable feature is the shattering of the pyrite by chal- 
copyrite or sphalerite and more rarely by polybasite. Replace- 
ment of the pyrite by the other sulphides is, in most cases, 
preceded by shattering in which areas of the mineral, once homo- 
geneous, are dissected and traversed by veinlets of the later sul- 
phide. When pyrite occurs in vugs in the quartz it usually 
occupies a marginal position or may be slightly inset into the 
quartz. It rarely, if ever, contains the later sulphides. 


11 J. Murdoch, “ Microchemical Determination of the Opaque Minerals,” 
1916. 

12 W. M. Davy and C: M. Farnham, “ Microscopic Examination of the Ore 
Minerals,” 1920. 
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Chalcopyrite is almost as universal in its distribution as pyrite 
but it is less abundant. It may be associated with any of the 
other minerals in the vein but perhaps most frequently with 
pyrite, sphalerite, and tetrahedrite. Unlike pyrite the areas of 
chalcopyrite show no crystal outlines but are quite irregular. It 
is later than and often occurs moulded about crystals of pyrite or 
as reticulating veinlets traversing it. When sphalerite is present 
the chalcopyrite is generally disseminated through it in a manner 
suggesting simultaneous deposition of the two minerals. It is 
probable that deposition of chalcopyrite began shortly after the 
formation of pyrite, accompanied the precipitation of sphalerite 
and continued to form until galena and tetrahedrite had been 
introduced. That chalcopyrite is, at times, later than tetrahedrite 
and polybasite is seen in the way it replaces and contains areas 
of the sulphantimonides. In a general way it may be said that 
chalcopyrite may contain or be inclosed in any of the other sul- 
phides. Sphalerite occurs in a similar manner to chalcopyrite 
but appears to have formed more nearly at one time rather than 
continuing to deposit as was the case with chalcopyrite. Galena 
is less abundant than the other sulphides already mentioned and 
usually occurs as irregular patches filling interstices between the 
earlier minerals or partly replacing them. Etching with hydrogen 
peroxide and dilute acids failed to reveal the presence of any 
silver minerals in the galena of the polished sections examined. 

Tetrahedrite, while fairly abundant in places, is not universally 
present as are the other sulphides already mentioned. It occurs 
most frequently deposited in cavities or filling vugs in the quartz 
and is then associated with chalcopyrite, polybasite, and native 
silver. One of the most noticeable features of the tetrahedrite 
is the frequency with which it incloses areas of the earlier min- 
erals, especially chalcopyrite and sphalerite. In the tetrahedrite 
are areas of a grayish-white mineral giving the reactions for 
polybasite and having a streak which is too brittle for argentite. 
This polybasite appears to have formed simultaneously with the 
tetrahedrite. Slight fracturing has affected both minerals and 
along such channels native silver has been introduced (Figs. 62 
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and 63). Where veinlets of the metal have encountered areas of 
polybasite they have usually become enlarged and replacement of 
the sulphantimonide has begun. In his description of the Smug- 





Fic. 62. FIG. 63. 


Fic. 62. Veinlets of native silver (white) following contact between quartz 
(black) and tetrahedrite (dark gray). Exact depth not known. 475 X. 

Fic. 63. Shows an advanced stage in the replacement of polybasite (1) by 
native silver (white). Veinlets of silver cut tetrahedrite (2) and sphalerite 
(black). Exact depth not known. 200. 


gler ores Purington mentions freibergite as being present, but 
the fact that native silver and polybasite occur in the tetrahedrite 
might readily account for its silver content, at least, no freibergite 
was encountered in this study. 

Polybasite was found in several specimens from the Smuggler 
at depths of 1,800 to 1,900 feet below the surface. It usually 
occurs filling tiny vugs in the white vein-quartz or as narrow 
veinlets cutting it. It is associated chiefly with tetrahedrite, 
silver or gold. In isolated areas it is comparatively simple to 
conduct microchemical tests and to confirm microscopic observa- 
tions, blowpipe and chemical reactions, but when the polybasite is 
intergrown with tetrahedrite its identification becomes more dif- 
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ficult. Reaction with silver nitrate and its brittle streak serve 
to distinguish it from argentite. This polybasite is pale bluish- 
gray in color and appears to be contemporaneous with tetrahe- 
drite. There is no doubt that the mineral is here of hypogene 
origin for it is intergrown with the other sulphides and shows 
no preference for contacts or other directions of physical weak- 
ness which might suggest supergene enrichment. In addition, the 
polybasite never forms reticulating veinlets cutting the earlies 
minerals as does native silver. All stages of alteration of the 





sulphantimonide to silver can be seen (Figs. 63 and 64). The 
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Fic. 64. Showing the manner in which native silver follows along the con- 
tact between quartz and polybasite and replaces the latter mineral. Ore from 
a depth of 1,800 feet. The silver is believed to be of supergene origin. Draw- 


ing. 


fracturing which was noted in the tetrahedrite also affected the 
polybasite and no doubt facilitated its replacement by silver. 

A specimen from a depth of 1,900 feet shows an entirely dif- 
ferent occurrence of polybasite. In this specimen both polybasite 
and pyrargyrite occur in excellent crystals deposited on the quartz 
lining of vugs, the crystals of ruby silver being moulded about 
striated plates of polybasite. In polished section the polybasite 
is yellowish-gray in color, being almost indistinguishable from 
tetrahedrite except by the relief between the two minerals. This 
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polybasite is distinctly different from that described in the pre- 
ceding paragraph. It is later than tetrahedrite, as was noted in 
the hand specimen, and has been introduced along the margin 
between quartz and tetrahedrite replacing the latter mineral. 
This may be styled “ centripetal replacement” (Fig. 66). On the 
other hand, pyrargyrite can be seen replacing tetrahedrite from 
the center toward the margin in a manner which may be called 
“centrifugal replacement” (Fig. 67). A more detailed descrip- 
tion of these types of replacement will be given under the heading 
of supergene enrichment. ; 

Native gold was the last ore mineral deposited by the hypogene 
solutions. In polished section it occurs commonly alone as ir- 
regular particles or laminz filling small vugs in the white quartz. 
In addition, it was found replacing or containing areas of galena 
and polybasite (Fig. 65). In its association it resembles the 
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Fic. 65. Replacement of polybasite and galena by gold. Drawn from a 
photograph. 


bluish-gray polybasite, as both minerals are the late products of as- 
cending solutions. Although the gold is pale yellow in color it al- 
most invariably reacts with potassium cyanide which suggests that 
its silver content is quite low. Unlike the silver it does not form 
reticulating veinlets through the other minerals nor does it show 
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any particular preference for contacts between the various min- 
erals. Obviously the two metals were deposited under entirely 
different conditions. Moreover, if silver had been present in 
the ascending solutions it would no doubt have precipitated with 
the gold in the form of electrum. 

Native silver was found in a specimen from a depth of 1,800 
feet as well as in several other specimens from higher levels. At 
this depth it is associated with polybasite and gold. Polished 
sections through the matted aggregates of wire-silver show, in 
every instance, that on penetrating the quartz the silver contains 
more or less polybasite in the process of being replaced. As has 
been mentioned before the silver shows a marked tendency to 
follow along contacts between various minerals and to form 
narrow branching veinlets through them (Fig. 64). In color the 
silver is unusually white in reflected light, instead of creamy, 
which may be due to its origin from polybasite and its deposition 
from descending solutions in which gold, copper or other im- 
purities were practically absent. In many instances it is certain 
that the silver has not been transported far but has developed “in 
situ” from polybasite. 

Summary.—As a result of the microscopic study of the ores 
their mutual relationships may be expressed by the following 
paragenetic arrangement: 


Hypogene Minerals. 
(1) Quartz. 
(2) Pyrite, arsenopyrite and rhodo hrosite. 
(3) Chalcopyrite. 
(4) Sphalerite and chalcopyrite. 
(5) Galena. 
(6) Tetrahedrite, polybasite, chalcopyrite. 
(7) Gold, carbonates. 


Supergene Minerals. 
(1) Native silver. 
(2) Polybasite. 
(3) Pyrargyrite. 
(?) Native copper and chalcocite (both rare). 
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SUPERGENE ENRICHMENT. 


General.—Before entering on a discussion of the supergene 
enrichment it may be well to recall something of the physical 
geography of the district. The great thickness of volcanic flows 
and pyroclastics which contains the veins at Telluride has been 
subjected to intense erosion, principally by mechanical disintegra- 
tion. As a result of this the tuffs and breccias have been dis- 
sected and cut by streams which have carved out valleys a thou- 
sand feet or more in depth. This deep erosion combined with 
the porous nature of the volcanic material makes it difficult to 
estimate the probable depth of the water level. In any event, it 
will be subject to extreme variation. It is not surprising, there- 
fore, that evidence of oxidation was noted at a depth of at least 
1,900 feet below the surface. 

Origin of the Silver —lIt is obvious from the mode of occur- 
rence of the silver that it was not deposited from hot ascending 
solutions as was the gold or hypogene polybasite. Its manner 
of introduction is that commonly attributed to descending waters. 
The question then arises as to the nature of the silver-bearing 
solutions. Were they acid or alkaline? Before answering this 
question it must be borne in mind that the descending waters 
must be capable of not only dissolving silver from the hypogene 
silver minerals, which in this case are polybasite and possibly 
tetrahedrite or electrum, but also of transporting the silver to 
lower levels. That the sulphosalts of silver form and are stable 
in an alkaline environment is strongly suggested by the work of 
Grout.** Moreover, it is doubtful whether silver can be readily 
transported in alkaline solutions, especially those containing alka- 
line sulphides. On the other hand, Palmer and Bastin** have 
demonstrated that precipitation might take place from acidic 
sulphate solutions. Such solutions are also capable of attacking 
silver sulphosalts, the reaction taking place most readily in the 

13 F, F, Grout, Econ. Grot., vol. 8, pp. 407-413, 1913. On the behavior of 


cold acid sulphate solutions of copper, silver and gold with alkaline extracts 
of metallic sulphides. 


14 Chase Palmer and E. S. Bastin, Econ. GEox., vol. 8, 1913, pp. 140-170. 
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presence of ferric sulphate. It might be expected, however, that 
such solutions would deposit their silver before attaining a depth 
of 1,900 feet, especially when carbonates are present in the vein- 
filling. Ravicz** has shown that silver is not precipitated from 
very dilute acid sulphate solutions by calcite, siderite or rhodo- 
chrosite. These carbonates in neutralizing the acid waters also 
release CO, while the silver remains in solution probably as bicar- 
bonate. In other deposits, such as those of the Comstock lode 
and Tonopah, enrichment of silver has taken place at moderately 
great depths; in the latter district silver of supergene origin was 
found 1,400 feet below the surface.*° It is not improbable, 
therefore, that feebly acid solutions of silver sulphate have pene- 
trated to a depth of 1,800 to 1,900 feet at Telluride before being 
neutralized sufficiently to cause deposition of the silver. The 
presence of native copper on fractures and a little sooty chalcocite 
at these depths serves to strengthen the view that the descending 
waters were acid rather than alkaline in character. 

These acid waters generated near the surface by the oxidation 
of pyrite, together with ferric sulphate, present in greatest abun- 
dance at the higher levels, could attack the hypogene polybasite, 
which is unstable in an acid environment, and transport the silver 
downward. These descending waters laden with silver sulphate 
would encounter areas of polybasite from which antimony and 
sulphur were removed but, due to the concentration of silver 
already present, no more could be dissolved, in fact, deposition 
of the metal commonly accompanied leaching of antimony and 
sulphur. In places, where neutralization occurred before the 
acid waters could attack the polybasite, native silver was deposited 
in the long veinlets which traverse the other minerals and in such 
cases the sulphantimonide shows no replacement by silver, that is, 
the veinlets represent simple filling of fractures rather than re- 
placement of the minerals traversed. The most conspicuous 
feature of the alteration of polybasite to silver is the preservation 

15 |, G. Ravicz, Econ. GErot., vol. 10, pp. 368-392, 1915. 


16 FE, S. Bastin and F. B. Laney, Prof. Paper 104, U. S. Geol. Survey, 1918, 
p. 134. 
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of the volume for volume relationship. This is no doubt due to 
the relative concentrations of silver, antimony and. sulphur in the 
replacing solutions whereby removal of antimony and sulphur 
from polybasite has caused a change in equilibrium such that a 
corresponding volume of silver was deposited. This type of 
replacement can be seen in all stages of advancement (Figs. 63 and 
64). It usually begins from cracks in the polybasite, the larger 
areas being dissected and cut by fractures which have been filled 
by native silver. Wherever the silver-bearing solutions were 
capable of simultaneously removing antimony and sulphur and de- 
positing silver instead, the polybasite has a shredded appearance 
due to the irregular patches scattered through the silver. Where 
this replacement by silver has been almost complete, the network 
of polybasite areas becomes smaller and smaller until finally they 
are visible only with the highest magnifications. 

Centripetal Replacement.—It is quite common in studying su- 
pergene enrichment to find in the ores evidence of one mineral 
being replaced by another beginning along the periphery of the 
host. This type of replacement has been described by Bastin and 
Laney ** from Tonopah and more recently by Bastin** in the bo- 
nanza ores of the Comstock lode, Virginia City, Nevada. In 
the latter paper Bastin found silver and polybasite, which he be- 
lieves were deposited from descending solutions, replacing pri- 
mary argentite from its outer margin toward the center. 

A similar type of replacement was noted in polished sections 
of ore from a depth of 1,900 feet in the Smuggler vein in which 
yellowish-gray polybasite was found replacing tetrahedrite in a 
centripetal manner (Fig. 66). The nature of the solutions ac- 
complishing this replacement must remain in doubt for evidence 
is lacking on this point. There is every reason to believe, how- 
ever, that the solutions which could dissolve polybasite in an acid 
environment would deposit it again on mingling with alkaline 
waters. The peculiar yellowish color of the polybasite in polished 
section suggests that it contains much copper, in fact, freshly 
broken fragments soon become covered with a tarnish of covel- 

17E. S. Bastin, Bull. 735, U. S. G. S., pp. 41-63, 1922. 
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lite. Thus replacement of tetrahedrite by polybasite would re- 
quire little more than the introduction of silver. The solution of 
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Fic. 66 Centripetal replacement of tetrahedrite by polybasite in ore from 
a depth of 1,900 feet. The polybasite is thought to be of supergene origin. 
Drawing. 


the copper sulphantimonide and the deposition of the silver sul- 
phosalt took place simultaneously and it is probable that this 
interchange of material would take place most readily in solutions 
which were slightly acid. Centripetal replacement of the other 
sulphides, such as sphalerite and galena, by polybasite was also 
observed. 

Centrifugal Replacement—Another type of replacement ob- 
served in polished sections of ore from a depth of 1,900 feet in 
the Smuggler vein is one which begins near the center of the 
host mineral and works outward toward its periphery. In other 
words, it is the reverse of centripetal replacement. 

In the hand specimen distinct crystals of pyrargyrite were 
found deposited on and around striated plates of polybasite in a 
quartz vug which contained, in addition, some tetrahedrite. The 
silver minerals are both later than the tetrahedrite and the ruby 
silver is obviously later than the polybasite. ~ Polished sec- 
tions containing these minerals show the same relationships. 
Polybasite, as already mentioned, invariably comes in along the 
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periphery of the tetrahedrite or between it and the quartz (Figs. 
66 and 67). Pyrargyrite, on the other hand, appears to replace 
the tetrahedrite from the center toward its periphery. 
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Fic. 67. Centripetal replacement of tetrahedrite by polybasite and centrifu- 
gal replacement of the same mineral by pyrargyrite in ore from a depth of 
1,900 feet. Both the silver minerals are believed to have been deposited 
from descending enriching solutions. Drawing from a photograph. 


In Fig. 67 an aureole of polybasite surrounds partially replaced 
remnants of tetrahedrite which themselves inclose an area of 
pyrargyrite. Since the ruby silver was seen, in the hand speci- 
men, to be later than the other two minerals, it must have re- 
placed one or both of them in order to occupy the position shown 
in this figure. In every section examined pyrargyrite appeared 
to replace tetrahedrite in preference to polybasite. This suggests 
that the tetrahedrite was less stable than the polybasite in the 
environment prevailing at the time the ruby silver was intro- 
duced. The relationships shown in Fig. 67, might reasonably 
be ascribed to a process of selective replacement in which the 
tetrahedrite, being peripherally replaced by the more stable poly- 
basite, could only be still further replaced by pyrargyrite from 
some point within. In all the sections examined, whether poly- 
basite completely or only partially surrounded the areas of tetra- 
hedrite, it was found that the silver minerals had a tendency to 
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replace the tetrahedrite in opposite directions. No doubt the 
solutions which deposited the ruby silver were similar to those 
from which polybasite had previously been precipitated but evi- 
dently their silver content was lower. 


SUMMARY. 


1. Andesitic and rhyolitic flows, tuffs, and breccias surround 
the Smuggler vein. On account of their state of decomposition 
an accurate petrographical description is impossible. The fresh- 
est rocks obtainable contain casts of former ferromagnesian min- 
erals, plagioclase feldspars partially replaced by calcite, some 
alkali feldspars, magnetite, apatite, much chlorite but no pyrite 
or sericite. The rock-alteration may be roughly divided into 
two zones: 


(a) <A narrow zone seldom exceeding a few feet in width in 
which sericitization is the dominant process of hydrother- 
mal alteration, the end products being sericite, secondary 
quartz, pyrite and usually some calcite. 

(b) A wider but still variable zone in which the propylitic 
facies is more characteristic. The products consist largely 
of chlorite, calcite and pyrite with very little sericite and 
quartz. 


2. Due to the scarcity or absence of such minerals as adularia, 
chalcedonic silica and the zeolites, in recognizable quantities, it 
seems probable that the alteration is such as might be expected 
to result in the lowest part of the epithermal zone. 

3. Crustification, banding, and vug-structure are typical of the 
Smuggler vein-filling and indicate the extent to which deposition 
in open space has surpassed replacement in the origin of the vein. 

4. The vein-filling is chiefly quartz with small quantities of 
the base-metal sulphides scattered through it. The ore minerals, 
gold, silver, polybasite, pyrargyrite, and tetrahedrite, are far less 
abundant. 

5. The base-metal sulphides, gold, tetrahedrite, and some of 
the polybasite, are of hypogene origin. Native silver, pyrargyrite, 
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and some polybasite have been deposited from descending solu- 
tions. 

6. Evidence was found to show that native s Iver developed 
from hypogene polybasite. That the solutions which attacked 
the polybasite and transported the silver were acid rather than 
alkaline best fulfills the observed conditions. 

7. Two types of replacement have been described. Centripetal 
replacement in which the host is replaced from the periphery 
toward the center. Centrifugal replacement, the reverse process, 
in which the host is replaced from the center toward the periphery. 


Mass. INsTITUTE oF TECHNOLOGY, 
Camprince, Mass. 








EDITORIAL 


CROPPINGS OF ORE DEPOSITS. 


Economic geologists are continually seeking to discover new 
principles and new applications of their science to the industries. 
But the subject of croppings of ore bodies has received much less 
attention from these specialists than other phases of economic 
geology which pertain to mineral deposits. One may search in 
vain the leading text-books of economic geology to find chapter 
headings related to this subject; occasionally there may be found 
a sub-heading followed by a page or so on the subject of out- 
crops. This is no less true in the case of periodicals and govern- 
ment publications. And yet the subject of croppings is an im- 
portant aspect of economic geology because the croppings are 
the features by which it is hoped the character of the deposit be- 
neath the ground may be deduced. The croppings are as the 
sign-boards at a cross-roads—the designators of what lies beyond. 
Many valuable mining properties have been developed as a result 
of a correct interpretation of croppings; it is also probable that 
many properties lie undeveloped because of the lack of correct 
interpretation, or, what is perhaps more likely to be the fact, 
a lack of knowledge upon which any sound deduction may be 
based. Again, in undeveloped mineral deposits, the cropping is 
one of the most important objects of study. The correctness of 
the deductions made therefrom depends at present upon the ex- 
perience and judgment of the individual, since the literature of 
economic geology has furnished but little scientific data. How 
lacking are criteria and how diverse may be the judgments of 
individual observers has recently been shown by Locke.’ 

A scarcity of published information pertaining to any subject 
usually indicates that knowledge of that subject is lacking. Al- 

1 Augustus Locke, Experiment in Ore Hunting Geology, “ Mining and Metal- 


lurgy,” pp. 27-20, April, 1922. 
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though, as we have pointed out, the literature of croppings of 
ore deposits is scanty, we believe nevertheless that more data 
are known to geologists than appear in print. It would be valu- 
able to the science of economic geology if this scattered informa- 
tion could be assembled and codrdinated in order that the prob- 
lems of this subject might be clearly set forth and tested in the 
field and laboratory, and diagnostic criteria established. 

To the mining geologist confronted with an outcrop the most 
important question is—what inference may be drawn as to what 
lies beneath? If one stands upon the surface of a mineralized 
but untested area where oxidation has removed the original metals, 
is there anything that may be looked for, or that may be recog- 
nized if present, that will give any clue as to the expectation 
of an ore body beneath, or of its character or size? 

There are indeed few diagnostic criteria available to him. Cer- 
tain oxidized products may persist in the cropping and are a 
clear indication of the previous existence of certain metals, such, 
for example, as the stains of copper, nickel, cobalt, manganese, 
and iron. Again, the shape of the molds of minerals with pro- 
nounced crystal habit testify to the original presence of such 
minerals as pyrite, calcite, garnet, arsenopyrite, and others, or 
the amount of cellular spaces left in the croppings will indicate 
the abundance of soluble minerals such as sulphides that may 
have been removed during the process of oxidation. The abun- 
dance of iron oxide staining may also be commensurate with the 
original content of iron-containing minerals. Also the shape of 
the cropping is oftentimes that of the original ore body. This 
is obvious in the case of ore bodies with such diagnostic forms 
as fissure veins, but less susceptible of easy interpretation with 
such types of deposits as irregular replacement lodes, contact 
metamorphic deposits, or disseminated bodies. With such de- 
posits the “ 


spilling over” of iron oxide stains, beyond the mar- 
gins of the original ore body, may disguise the shape of the orig- 
inal deposit and produce an apparent cropping much larger than 
the original. The gangue minerals that accompanied the primary 
metallization and have remained unaffected by oxidation may also 
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be made to unfold their story in regard to the character of the 
deposit. For example, certain well-known minerals and mineral 
associations may indicate a contact-inetamorphic deposit, the 
knowledge of which, if interpreted with care, may lead sometimes 
to deductions regarding the disposition and behavior of the de- 
posit. 

Still more important in the study of an outcrop is the char- 
acter of the alteration of the containing rock resulting from the 
metallizing solutions that produced the original ore. Superim- 
posed on this primary rock alteration may be a secondary rock 
alteration produced by the cold descending solutions released 
through the process of oxidation. Much may at the present day 
be deciphered in regard to the deposit by judicious interpreta- 
tion of such wall-rock alteration. Clues may be obtained as to 
the locus and intensity of the primary metallization. This infor- 
mation, combined with some of the other data mentioned above 
and with a study of the district-habit of the known ore deposits, 
may allow of further deductions regarding the metals and quan- 
tities in which they exist. There remain other data known to a 
few geologists, but as yet unpublished for the benefit of the pro- 
fession at large. It is not the purpose of this brief editorial, 
however, to discuss the field exhaustively or to attempt any con- 
tribution to the subject, but rather to help stimulate thought and 
work along these channels by calling attention to some of the 
known facts which may quicken our observations when we study 
the croppings of ore deposits, and by pointing out a few other 
matters concerning which our information is scanty or lacking. 

To take by way of illustration of one aspect of our scanty 
information, the full significance that may be attached to the 
various kinds of iron oxide to be found in croppings. This in 
itself is a problem for careful investigation. Some limonite is 
brown or chocolate-colored, some is red, and some is yellow. It 
may be compact and massive, compact and cellular, or crumbly. 
Such variations, it may be presumed, are not‘a matter of chance 
but more likely are the result of definite but unknown causes. De- 
terminations of the controlling factors which yield these differ- 
ent kinds of limonite may go far toward more scientific interpre- 
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tations of croppings. Possibly some of the differences in the 
character of the iron oxide may be due to the different iron-bear- 
ing minerals of the original deposit, where pyrite upon oxidation 
may yield one variety of limonite, chalcopyrite another, and so 
forth. Mineral associations, gangue minerals, calcareous wall 
rocks, climatic conditions, concentration and chemical character 
of the oxidizing waters may all be contributing factors. What- 
ever may be the answer, it is certain that if one definite variety 
of limonite can be determined to be specifically diagnostic of 
some certain condition in the unoxidized ore beneath, the work 
of prospecting and deciphering of croppings will be greatly facili- 
tated. 

Other unknown features of croppings unquestionably have been 
met by observant geologists and probably many more problems 
remain for careful observers in the future, and it is to this aspect 
of the whole question that we wish particularly to direct attention. 

If it be granted that our present information regarding crop- 
pings is scanty and full of gaps, what procedure can or should 
be taken to increase our knowledge and make it available? Per- 
haps the first step we might suggest would be to bring together 
and record the specific observations now widely scattered among 
individual geologists. For this purpose we invite the use of our 
“Discussion” columns in this Journal. 

Another step would be for individual geologists to test in 
as many localities as opportunity affords our present partially 
formed ideas. If this be made cooperative by recording, where 
it would be available to all interested, the information so obtained, 
our knowledge of croppings would be stimulated and advanced. 
It is to be expected in a subject of this nature that no one geologist 
could answer all the desired questions, but a pooling of informa- 
tion might lead to progress at present unsuspected. 

Still more important would be close field observation of crop- 
pings for criteria not,hitherto revealed. In this, every geologist 
should participate. The economic geologist will not merely ac- 
cept what may be seen but, preceded by a stage of wondering 
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why a given feature should be, will try to ferret out the causes. 
Stirred by our lack of information and propelled by the wish to 
increase our scientific knowledge—possibly to make a great dis- 
covery—he will evolve and test working hypotheses with all the 
skill and care of an investigator. Any data so obtained, however, 
will have little lasting value unless it be recorded and made avail- 
able to our contemporaries and to those to follow us in economic 
geology. 

Much might also be accomplished by individuals treating the 
subject as a problem to be worked at over a period of time in both 
the field and laboratory. The field work in such an investigation 
should include the study of croppings from many kinds of ore 
deposits, scattered in numerous mining districts where different 
climatic conditions and stages of physiographic development pre- 
vail. The laboratory work should include careful microscopic 
examinations, supplemented by chemical experiments. It is not 
impossible that some of the experimental work which might re- 
sult would be undertaken by some of the research laboratories 
whose facilities for experimental investigations are so highly 
developed. A problem of this nature necessitates funds for its 
accomplishment. Here lies opportunity for the utilization of fel- 
lowship funds, and a problem for the research student seeking 
a dissertation subject for his doctorate. 

The problems connected with a study of croppings are not 
simple ones, otherwise more would have been known about them 
before now. The time that has elapsed since mining became a 
science and since ore deposits received special study is long, and 
yet our present information regarding croppings is nothing of 
which to be proud. 

Above all, economic geologists need to do more thinking about 
the subject; it should not be left entirely to a few specialists, 
but should concern all workers in this field. Nor ‘should they be 
content merely with thinking, but their thoughts should be trans- 
lated into action, and if results are attained, they should be re- 
corded. 
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It is our hope that these few suggestions may bring more 
forcibly to mind the need of further observations and study, and 
thus stimulate thought in these channels. We will feel that our 
plea has not been in vain if there may result tangible evidence 
which on the published page will prove of lasting benefit to the 
science of economic geology. 

ALAN M. BATEMAN. 
Yate UNIversIty, 
New Haven, Conn. 
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INFORMAL COMMUNICATIONS 


NASON ON “THE SEDIMENTARY PHASES OF THE 
ADIRONDACK MAGNETIC IRON ORES.” ? 


Sir: It is a pleasure for me to discuss the paper by F. L. Nason, 
appearing in this number of your journal, in which evidence sup- 
porting the theory of the sedimentary origin of Adirondack non- 
titaniferous magnetic iron ores is presented. The problem of 
the origin of these ores is anything but a simple one, involving 
almost endless petrological considerations. For a good many 
years the igneous origin of these ores has been very generally 
accepted by workers in Adirondack geology. Mr. Nason rendersa 
well worth-while service in questioning such a mode of origin. 
In this brief discussion many important phases of the whole sub- 
ject must of course be omitted, my purpose being to confine at- 
tention mainly to the most significant issues raised in Nason’s 
paper. It is assumed that the interested reader is either ac- 
quainted with, or has ready access to, Newland’s “Geology of 
the Adirondack Magnetic Iron Ores,” * Kemp’s “Geology of the 
Elizabethtown and Port Henry Quadrangles,” * my paper on the 
“ Magnetic Iron Ores of Clinton County, New York,” * the dis- 
cussion of my paper by Newland,’ and my answer to Newland’s 
criticisms.° 

Both Kemp and Newland have regarded the nontitaniferous 

1 Published by permission of the State Geologist of New York. 

2D. H. Newland, N. Y. State Mus. Bul., 119, 1908. 

3 J. F. Kemp, N. Y. State Mus. Bul., 138, 1910. 

4W. J. Miller, Econ. Grox., vol. 14, 1919, pp. 509-535. 

5D. H. Newland, Econ. Geor., vol. 15, 1920, pp. 177-180. 

6W. J. Miller, Econ. GEox., vol. 16, 1921, pp. 227-233. 
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magnetite ores as magmatic differentiation or segregation masses 
of the syenite-granite series. Kemp has suggested that the ore 
at Mineville may possibly be thought of as “more or less akin 
to pegmatites in its formation.” 

More recently I have advocated a different magmatic theory of 
the origin of the ore, according to which a gabbro or metagabbro, 
older than the syenite-granite series, was the principal, or pos- 
sibly the only, source of the magnetite whose derivation from 
the gabbro and its concentration into ore deposits were brought 
about by the intrusion of the great syenite-granite magma, more 
especially its pegmatitic and silexitic portions rich in hot gases, 
vapors, and fluids. , 

One of Nason’s most important arguments in support of the 
theory of the sedimentary origin of the nontitaniferous ores is 
their general lack of titanium. The titaniferous magnetites are, 
he says, derivatives of the gabbros of the region, while the non- 
titaniferous ores either occur as a part of, or are directly as- 
sociated with, a “gray gneiss” of sedimentary origin. Now, as 
Newland‘ has said: “ The term nontitaniferous, it may be noted, 
is hardly an accurate one to apply to any of the Adirondack mag- 
netites, since titanium has been shown to be almost universal in 
these ores.”’ The ores are, therefore, not so free from titanium 
as Nason’s paper seems to imply. 

As a result of field work in all of the principal magnetite min- 
ing districts—Lyon Mountain, Hammondville, and Mineville—I 
believe that the ore is directly associated with a more or less 
intimate combination of granite (or syenite) and an older gabbro 
(or metagabbro), the granite, or pegmatitic phases of it, having 
intruded and more or less injected the gabbro, giving rise to a 
crude-banded effect, parallel with the magmatic flow-structure 
foliation. The same is almost universally true of many smaller 
nontitaniferous magnetite deposits observed by the writer through- 
out the Adirondacks. Nason’s logs of drill holes No. 181 and 
No. 296 are excellent examples of just such combinations of 
rocks in which his “gray gneiss” bands are, in my judgment, 

7D. H. Newland, N. Y. State Mus. Bul., 119, 1908, p. 23. 














DISCUSSION. 7iI 


merely zones or belts of magmatic origin closely associated with 
bands of an older more or less injected or assimilated gabbro. 
In this connection it should be stated that there is also probably 
gabbro of later age than the syenite-granite series, as for example 
in the vicinity of Mineville, and Nason may be confusing these 
two as I gather from reading his paper. His “gray gneiss” 
seems to be identical with the great body of what I have called 
the Lyon Mountain granite which encloses the ore bodies at Lyon 
Mountain. This country rock of the ore at Lyon Mountain is 
certainly of igneous origin as proved not only by its more or less 
intimate penetration of an older dark gneiss (metagabbro), but 
also by its noteworthy development of pegmatitic and silexitic 
facies. 

Analyses of various samples of the Adirondack syenite-granite 
series and of the older gabbro show that the gabbro is rich in 
iron oxide, carrying an average of over 15 per cent., which is 
about three times as much as is contained in the syenite-granite. 
It is also true that the gabbro analyses show a little over 3 per 
cent. of oxide of titanium. In my original paper it is suggested 
that the iron-rich gabbro was the principal (or possibly sole) 
source of the ore, the iron-oxide having been extracted from the 
injected gabbro and deposited in zones by the granite magma 
or magmatic juices. Nason says it is difficult to understand how 
the iron could have been thus removed and deposited as ore al- 
most free from titanium. This is a point not taken up in my 
paper, but it is no serious difficulty in the way of acceptance of 
my theory. Various important chemical and mineral rearrange- 
ments took place during the processes of injection of the 
gabbro and the concentration of the ores. Among such changes 
was the development of very considerable quantities of titanite 
in the rocks directly associated with the ores. and to some extent 
in the ores themselves. As Newland ® says, the titanium of the 
ore and directly associated rocks “is traceable to the mineral 
titanite which is a common constituent of the wall rocks, and is 
often intergrown with the magnetite. Its proportion is generally 


8D. H. Newland, N. Y. State Mus. Bul., 119, 1908, p. 23. 
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higher in the crude ore than in the concentrates.” This is true 
of all three principal mining districts. Typical members of the 
syenite-granite series carry little or no titanium, but an analysis 
of the average ore-bearing syenite (or grano-syenite) of the Mine- 
ville district published by Kemp® shows 3 per cent. oxide of 
titanium. It is, therefore, easy to understand what became of 
the titanium. 

In support of the view that his “ gray gneiss”’ is of sedimentary 
origin, Nason stresses the occurrence of a wide band of the 
gneiss, containing ore, intercalated with Grenville beds at the 


‘ 


Cheever Mine. This “gray gneiss’”’ I consider to be merely a 
layer-like mass of granite or grano-syenite which was locally in- 
truded between beds of the Grenville series, this being a mode of 
occurrence which may be observed in many parts of the Adiron- 
dacks. 

In arguing for the sedimentary origin of the “gray gneiss” 
with its ore, Nason emphasizes the practical absence of titanium 
from the rock, but he fails to take into account another point 
which I believe strongly militates against the sedimentary origin 
of the rock. I refer to the fact, brought out by Newland, that 
considerable quantities of pyrite almost never fail to be present 
in those nontitaniferous magnetite deposits which are directly 
associated with undoubted Grenville strata in various parts of the 
Adirondacks, while little or no pyrite occurs in the ores associated 
with the undoubted syenite-granite series. The rocks, including 
Nason’s “gray gneiss,’ inclosing the ores at Mineville, Ham- 
mondville, and Lyon Mountain do not contain notable quantities 
of pyrite, and so we have another kind of evidence for the igneous 
origin of these ores and their wall rocks. My theory readily 
accounts for this difference in the pyrite content of the ores be- 
cause the ore-bearing magma or magmatic juices absorbed the 
pyrite from the strata. 

The facts that the ore bodies often show considerable linear 
extent and have “ foliation planes no less strongly developed 
than those in the containing rocks, and these foliations are ex- 
actly conformable to those of the rock host” are, according to 


9jJ. F. Kemp, N. Y. State Mus. Bul., 138, 1910, p. 50. 
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Nason, strong evidence for the sedimentary origin of the ore. 
In my original paper I interpret the parallelism of strike and dip 
of the ore zones and their foliation as due to magmatic flowage 
when both the syenite-granite (country rock) and ore-zone mag- 
mas were subjected to moderate pressure during the process of 
intrusion and crystallization. Under such conditions, is it any 
more surprising that the ore zones of magmatic origin often 
show considerable linear extent than that, commonly throughout 
the Adirondacks, long belts or zones of the syenite-granite series, 
different in composition from the general rock, developed under 
magmatic conditions? 

W. S. Bayley, in the Raritan, New Jersey, Folio of the United 
States Geological Survey, states that an old dark gneiss, rich in 
iron-bearing minerals, was invaded and all cut to pieces by great 
bodies of granite magma. He suggests that, after the intrusion 
and partial cooling of the gneissoid granites, “they were invaded 
by masses of magma rich in iron, some of which were afterward 
enriched by iron-bearing solutions or vapors rising from the 
same subterranean source. Some of the ore layers may be merely 
injected bodies of the magma that had been segregated or dif- 
ferentiated from the parent magma at great depth.” He further 
suggests that “some of the magnetite may have been deposited 
by hot solutions which penetrated the rocks before they were 
completely crystallized.’ Considering these rock relations, it 
seems reasonable to think that the iron of the magnetite ores 
instead of having differentiated from the granite magma, may 
have been derived from the old iron-rich gneiss by magmatic 
(pegmatitic) solutions after the manner suggested by me for 
most, if not all, of the Adirondack nontitaniferous magnetite 
ores. If Bayley had emphasized his idea of hot solutions as 
ore carriers rather than that of differentiation of the ore from 
the granite magma, his explanation and mine would be much 
alike. In any case, these New Jersey ores are remarkably like 
those of the Adirondack region. 

SmitH COLLEGE, 
NortTHAMPTON, Mass. 
WittiaM J. MILcer. 
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Geology of the An-shan Iron Mine District, South Manchuria. By 
Hanzo Murakami, Published by the South Manchurian Railway, 
pp. I-53, 1922. 

The An-shan iron mining district is near An-shan, South Manchuria, 
about 193 miles north of Dairen (Dalny), the chief port of Manchuria, 
and 56 miles south of Mukden. It is in the concession area of the 
South Manchurian Railway. Two blast furnaces are built at An-shan, 
which are supplied by ore from the district, and by coal and coke from 
Pen-shi-hu and Fu-shun. A geologic map of this part of Manchuria, 
by Dr. C. Kido and Dr. H. Murakami, was issued by the South Man- 
churian Railway in 1918. 

The report on the mineral deposits of An-shan is entirely in English. 
t is well printed and beautifully illustrated, and is a credit to the com- 
pany issuing it. It will be welcomed by all who wish to know more of 
the geology of Asia. 

The South Manchurian Railway runs northeast, essentially along 
the edge of the great Manchurian Plain. To the east are mountains 
composed largely of pre-Cambrian and Paleozoic sedimentary rocks. The 
An-shan district is a part of a broad belt of iron-bearing rocks that 
extends northeast from An-shan to the Pen-shi-hu district where also 
iron smelting is carried on. At An-shan the deposits have been worked 
actively since 1919. When they were opened, however, evidence was 
found that iron had probably been mined in the region during the 
Liao dynasty, about one thousand years ago. 

The oldest sedimentary rocks of the An-shan district are pre-Cam- 
brian rocks of sedimentary origin. These include (1) the green schist 
complex, which is composed mainly of phyllites, slates, tufaceous sand- 
stone, biotite-schist, muscovite-schist, diabase-tuff, and chlorite-schist, 
and (2) the hematite-quartz schist formation which includes the iron 
ore. The hematite-quartz schist is very 1esistant to weathering and 
commonly stands up as prominent hills and ridges. The formation is 
several hundred feet thick, and is composed of quartz and hematite 
with a little actinolite, sericite, and chlorite. 

Above the schist or iron-bearing formation unconformably are Cam- 
brian rocks, the lowest of which is a conglomerate composed of frag- 
ments of the green schist complex and of iron ore formation. Locally 
it is sufficiently rich in iron ore to be mined. Above the conglomerate, 
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or where the conglomerate is absent, resting upon the pre-Cambrian 
rocks, is a quartzite and siliceous slate formation also of Cambrian 
age. The slate is locally highly ferruginous. In places it contains 40 
per cent. of iron. 

Above the slate is a ferruginous quartzite, also of Cambrian age. 
Commonly it contains 20 per cent. of iron, but is not a source of ore. 

A series of shales, marly shales, and limestones lie above the ferrugi- 
nous quartzite. This is known as the Hsiao-fang-shen series. It con- 
tains trilobites and brachiopods of Middle Cambrian age. There are 
no later sedimentary rocks in the An-shan district except Quaternary 
deposits, which include the loess and alluvium. 

Granites occupy large areas in the An-shan district. Three varieties 
are distinguished, namely: the gneissoid or foliated granite, the granite 
pegmatites, and the Chien-shan granite. 

The gneissoid or foliated granite is most abundant. Where it is 
in contact with the iron ore formation in places it has changed the latter 
to magnetite-quartz-schist. 

The granite pegmatite is found intrusive in the gneissoid granite, and 
in the green schist, and the Chien-shan granite is also intrusive in the 
gneissoid granite. Acid and basic dikes and sills are found in the 
schists and granites. 

After the deposition of the green schist formation and the quartz- 
hematite schist the region was uplifted as a whole and erosion con- 
tinued. The resistant hematite-quartz-schist remained in the form of 
ridges, while the softer green schist was worn down and removed. A 
peculiar ferruginous conglomerate formed, consisting chiefly of frag- 
ments of the hematite-quartz-schist, cemented by nearly pure iron oxides. 
In the next epoch a great thickness of sandy materials and clays was 
deposited unconformably upon the pre-Cambrian rocks. These were 
changed to quartzite and siliceous slate respectively by the regional 
metamorphism. Then followed the deposition of marl and limestone con- 
taining trilobites and brachiopods, forming the Hsiao-fang-shen series. 

The times of intrusion of the granite are not certain, but judging 
from the contact effects on the adjacent rocks, probably they occurred 
prior to the deposition of Hsiao-fang-shen series, after the quartzites 
were deposited. The gneissoid granite seems oldest and its intrusion 
probably was related to the deformation of the pre-Cambrian rocks. 

One group of hematite-quartz-schist and quartzite extends east and 
west, while the other group runs northwest-southeast. These two ranges 
meet at an acute angle of about 70 degrees near Kuan-mien-shan. 
They form two limbs of a syncline, having an elevation in the center, 
caused by the laccolithic intrusion of the gneissoid granite of Ping-shan. 
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The iron formation, or quartz-hematite-schist, is of sedimentary origin. 
It consists of beds and laminez. The iron ore was probably deposited 
through the bacterial agencies, and the silica, as stated by Dr. Murakami, 
was probably deposited in the colloidal state. 

There are many points of similarity between the iron ore deposits of 
An-shan and those of the Lake Superior region. There is a great dif- 
ference, however, in the amount of secondary concentration in the 
two regions. Nearly all of the ore of the Lake Superior district has 
formed by leaching of silica from relatively low-grade ferruginous rocks. 
At An-shan secondary ores are formed along cracks and fissures, and 
these have supplied most of the material mined to date. The reserve 
of this type of ore is small, however, and in the future the furnaces 
must be supplied by concentrates from the primary ore, unless other 
secondary concentrations are discovered. Near An-shan there are large 
quantities of quartz-hematite-schist, containing 25 to 40 per cent. iron. 
Tests have shown that some of the ores can be concentrated mechani- 
cally. The most promising of the magnetite deposits is that of Ta-ku-shan, 
which contains a large tonnage of material containing between 35 and 
40 per cent. iron, of which about 27 per cent. is present in magnetite. 

W. H. Emmons. 


Manual of Determinative Mineralogy. By Cuartes H. WArREN. 

McGraw-Hill Book Company, Inc., 1922. 

This is an eminently practical compact text written especially for use 
in a beginners’ course in mineralogy and admirably suited to its purpose, 
It makes no pretense of replacing the comprehensive analytical tables 
of Brush-Penfield, but has the greater virtue for elementary work of 
saving the time the average student wastes going through long lists of 
rare minerals. Nevertheless, the tables are complete enough not only to 
include any material that might properly be given in an elementary course 
but also to give the student a good idea of mineralogical examination 
in general. 

The principal tabular subdivisions follow Brush-Penfield in the main, 
but there are a number of variations suggested by the author’s long ex- 
perience in instruction. An important point is the emphasis placed on 
physical properties such as color, streak, cleavage and crystal form in 
making minor subdivisions and final determinations. These physical 
distinctions are particularly helpful with the type of material ordinarily 
furnished to the student. 

Other points are the use of the character of the fused globule as a 
separative test under non-metallic, no sublimate, non-magnetic, non-alka~- 
line fusible minerals, thus postponing the silica test to a later stage; and 
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the use of the CoNO, ignition test for alumina to separate most of the 
infusible white aluminous minerals from other infusible minerals in the 
usually bulky last group. 

The text of the manual is thorough and inclusive. It includes a short 
chapter on mineralogical manipulation; a chapter with a resumé of simple 
tests for the elements arranged in alphabetical order; a chapter of tabu- 
lated lists of closed and open tube reactions, metallic globules, sublimates 
on charcoal and plaster with and without fluxes, borax and salt of phos- 
phorus beads, flame and solution colors, and other reactions; and a 
chapter on the use of the tables. This material is all distinguished by the 
practical hints and cautions which crop out repeatedly and indicate clearly 
the, store of experience on which the author has drawn. The reviewer 
regrets the omission of brief descriptions of methods and apparatus for 
determining specific gravity, although such descriptions are customarily 
given also in the descriptive texts with which the manual will be used. 

The book is neatly bound in flexible covers, clearly printed on good 
paper, and is almost entirely free from typographical errors. 

C. H. Dane, 


Applied Colloid Chemistry. General Theory. By Witper D. Bancrort. 
International Chemical Series. New York and London. McGraw-Hill 
Book Company, Inc. Pages 345. Price (London) 15/-. 

In one or two texts, which,have been published recently, passing refer- 
ence has been made to the part colloids may play in the deposition of 
ore-deposits. The references have just been insufficient enough to whet 
the appetite of the reader for more detail, and in the work under review 
geologists will find the subject dealt with quite fully. 

The book has not been written especially for geologists; rather is the 
impression given by one or two “of courses” preceding highly technical 
statements that the work is meant for specialists in this branch of science; 
but for all that, workers in the field of geology will find much to interest 
them, more especially those whose work entails the investigation of super- 
ficial phenomena, such as the oxidation products of ore-deposits, laterites, 
and lateroids. 

Thirteen chapters are contained in the book, and these are listed below: 

Chapter I. “ Adsorption of Gas or Vapor by Solid.” 

Chapter II. “Adsorption of Vapor by Liquid: Liquid and Solid by 
Solid and Liquid.” Some interesting details are given here of experi- 
ments, which were made to determine the factor of size in the coloring of 
one substance by another; one shows that “where 1 per cent. FeO, 
colored a dolomite a full red if the rough passed a 200-mesh and the 
dolomite did not pass a 100-mesh sieve, the reverse case yielded a powder 
which was practically white.” 
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Chapter III. “ Adsorption from Solution.” The data relating to the 
acidity, neutrality, and alkalinity of solutions should prove useful. 

Chapter IV. “Surface Tension. Brownian Movements.” The first 
matter will be of special interest to those working on replacement de- 
posits, and the last offers material on which to work, for diffusion 
theorists. 

Chapter V. “Coalescence,” which includes “Theory of Peptization.” 
Mention is made of the many forms of hydrous alumina; the author states 
that these represent varying stages of peptization, or “how far a finely 
divided phase may be kept from coalescing.” 

Chapter VI. “The Formation of Colloidal Solutions.” In Par. 3. 
“Mechanical Disintegration,” it is shown that “when quartz is ground 
to an impalpable powder by long grinding (which might well happen in 
nature) it can be converted into colloidal silicic acid merely by boiling 
with water.” 

Chapter VII. “ Properties of Colloidal Solutions.” This contains so 
much matter of geoloyical interest that it would make this review unduly 
long were it quoted fully. The outstanding data are those concerning 
colloidal silicic acid and the colloidal forms of ferric oxide. 

Chapter VIII. ‘“Gelatinous Precipitates and Jellies.” Sub-heading 
“ Diffusion.” The phenomenon of Liesegang’s rings is brought to the 
reader’s notice. 

Chapter IX. “ Emulsions and Foams.” If the reader-is a mining-geolo- 
gist, the theory of the flotation process, as given here, wiii be of interest. 

Chapter X. “ Non-aqueous colloidal solutions.” Only two pages are 
given to this subject. 

Chapter XI. “Fog and Smoke.” Included in this is an interesting 
table in which is shown the composition of dust from the air; data col- 
lected from the work of Hartley and Ramage. The author concludes 
that “dust is of cosmic origin when it contains sodium, potassium, copper, 
silver, calcium, gallium, thallium, iron, nickel, managanese, chromium, 
and lead; but no rubidium, strontium or magnesia. The dust must also 
be magnetic.” , 

Chapter XII. ‘Gases and Solids in Solids.” Many of the causes of 
coloring in minerals are given: “ Jasper may contain up to 20 per cent. 
suspended material.” 

Chapter XIII. This final division gives the estimated thicknesses of 
surface films. 

The bearing of this work on geology is the subject of this review, and 
now it may be received by specialists in the other sciences is not consid- 
ered. The impression given is that the author has put in a vast amount 
of work investigating the truth of previous workers’ results, with con- 
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siderable success as the many discussions show, but the greatest flaw is 
the roundabout methods used by him in stating his own results. A thing 
never “is,” but always “ generally is,” “ practically is,” “ more or less is,” 
or “tends to be.” The author’s statements are weakened, and in a few 
cases the reader is left in “ mid-air” as to what is intended to be con- 
veyed to him. 


R. Murray-HvuGHes. 


Petroleum. Where and How to Find It. By AntHony Bium. Cloth, 
367 pages, 51%4 x 7. The Modern Mining Books Pub. Co., Chicago. 
1922. Price $2.00. 

This little book is intended to furnish a brief and untechnical account 
of the practical aspects of the oil business. It will be a disappointment 
to the reader who is misled by the title to expect precise information as 
to methods of finding oil. The volume devotes only 43 pages to the 
geology of petroleum, giving a mere outline of the theory of oil and 
gas accumulation in folds, and a brief description of the oil and gas 
fields in the United States. The remainder of the volume deals with 
various methods of drilling and shooting wells, with processes for increas- 
ing the yield of oil wells, means of extinguishing burning wells and other 
practical phases of the subject. There is a short description of the 
methods employed in transporting and marketing oil and a somewhat 
longer discussion of what the author calls the “ Fiscal Features ” of the 
oil business. The chapters in this portion of the book are entitled “ Pe- 
troleum Mining as a Business,” “ Petroleum Mining as an Investment,” 
“Petroleum Royalty as an Investment,” and “ Advice Regarding Invest- 
ments,” 

The volume is of very little value to the geologist or to the practical 
oil producer, but should be of considerable interest to the untechnicai 
man who contemplates an investment in oil properties. 


W. S. Bayley. 








SOCIETY OF ECONOMIC 
GEOLOGISTS 


This department has been established for the official communications of the 
Society of Economic Geologists whereby the affairs of the Society such as 
notices, minutes, titles of papers, elections, etc., may be brought regularly to 
the attention of its members. 


The Annual Meeting of the Society will be held at Ann Arbor from 
December 28th to 30th, 1922. The following Arrangements Committee 
has been appointed by President Lindgren for the Ann Arbor Meeting: 

W. S. Bayley, Chairman, 

Shirley W. Smith, Honorary Member, 
U. S. Grant, 

Frank F. Grout, 

Frank W. DeWolf. 


It is hoped that a large number of members will attend. Guests are 
invited to technical sessions. A preliminary announcement of the meet- 
ing will be mailed early in December and shortly thereafter a program 
of papers, together with information regarding accommodations, train 
schedules, etc., will be sent members, 

The Council at its last meeting approved the election of the following 
applicants for membership in the Society: 


Max W. Ball John F. Newsom 
Donald G. Barton David H. Newland 
Albert H. Brouwer John D, Northrop 
John A. Dresser John J. O’Neill 
Loftus Hills Sidney Powers 

Ernest Howe Fred Searls, Jr. 

Ira B. Joralemon Alfred Wood Stickney 
Cyril W. Knight Charles H. White 


Frank L. Nason 
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SCIENTIFIC NOTES AND NEWS' 


George Otis Smith has resigned as director of the U. S. Geological 
Survey so that he may legally qualify as a member of the President’s 
Coal Commission. During the next eleven months his duties as di- 
rector will be assumed by Philip S. Smith, who has served as adminis- 
trative geologist on the Survey. 


Charles Hyde Warren, formerly professor of petrography and miner- 
alogy at the Massachusetts Institute of Technology, has been Dean of 
the Sheffield Scientific School, Yale University, since September first, 
and has become a member of the Department of Geology of Yale Uni- 
versity. 


David White has resigned as the Survey’s chief geologist to resume 
his research work, and will be succeeded by W. C. Mendenhall. 


D. D. Irwin has been made general superintendent of mines and mills 
in Bisbee and of the smelter in Douglas, Arizona, by the Copper Queen 
branch of the Phelps Dodge Corporation, 


Emmanuel de Margerie, director of the Geological Survey of Alsace 
and Lorraine, who has recently arrived in the United States, delivered 
a lecture on “France’s contribution to geology and geography in the 
last 100 years” before the Section of Geology and Mineralogy of the 
New York Academy of Sciences on November 6, at the American Mu- 
seum of Natural History. He will be in this country for the winter, 
and will visit and lecture at a number of American universities. 


F. L. Ransome left in the middle of November to continue his ex- 
amination of the Oatman district, in Arizona. He also visited Boulder 
Canyon for further exploration work for the Reclamation Service. 


D. F. Hewett of the U. S. Geological Survey is acting as geologist 
in charge of the section of metalliferous deposits in the absence of 
F, L. Ransome. 


* Geologists, mining engineers and others interested in applied geology are 
invited to keep the editor informed of new investigations of mining districts 
or scientific studies undertaken by them, together with such other scientific 
and personal items as may come to their notice 
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Rollin T. Chamberlain of the Department of Geology, University of 
Chicago, was married on November 11 to Miss Dorothy Ingalls Smith. 


Eliot Blackwelder moved to Stanford on December 1 to assume offi- 
cially his new duties as professor in the Geological Department of that 
University. His permanent address is now Stanford University, Cali- 
fornia. 


Sidney Paige is making a further examination of the Homestake 
mine in South Dakota for the U. S. Geological Survey. 


Malcolm B. Kildale is assistant geologist and engineer with the Com- 
pania de Santa Gertrudis,- Pachuca, Hidalgo, Mexico. 


H. A. C. Jenison is with F. L. Ransome in the Oatman district of 
Arizona. 


Alexander Leggat has assumed the management of the Richmond 
mine in the East Coeur d’Alene district. 


Frederick P. Vickery, of Leland Stanford Jr. University, has been 
appointed Assistant Professor of Geology at the Southern Branch of 
the University of California. 


Charles R. Fettke, Associate Professor of Geology and Mineralogy 
at the Carnegie Institute of Technology, Pittsburgh, Pennsylvania, has 
completed an investigation of the oil resources of the coals and car- 
bonaceous shales of Pennsylvania for the State Bureau of Topographic 
and Geological Survey. 


Augustus Locke was a recent visitor to Cambridge and New Haven. 
Waldemar Lindgren was in Butte, Montana, in December for a short 
visit. 


E. S. Moore is looking after the program of the meeting for Section 
E of the American Association for the Advancement of Science at 
Boston this Christmas. 


Ernest Howe has again taken up his residence in New Haven, Con- 
necticut. 


C. E. Visel has recently returned to New Haven, Connecticut, from 
Mexico. 


E. W. Shaw has recently been spending considerable time at the Geo- 
logical Survey offices in Washington on work for the Virginia Geological 
Survey. 
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J. A. L. Henderson of London, who is well known for his work 
in the oil fields of Trinidad and Nova Scotia, is at present visiting Ameri- 
can oil fields. 


C. W. Purington has been inspecting the prope-ties of the Ayan Corpo- 
ration, Ltd., in the vicinity of Okhotsk, on the Siberian coast, and has now 
returned to Yokohama. 


Louis Levensaler, mining engineer, of Seattle, has returned from an 
examination of properties near Valdez, Alaska. 


Charles Camsell, head of the Canadian Geological Survey, is in western 
Canada to study the fuel situation, particularly with a view of providing 
Ontario with Canadian fuel. 


Millard K. Shaler is visiting the principal educational centers in this 
country to obtain information on applying to the best advantage the in- 
come from the Belgian relief fund, which has been invested as an educa- 
tional foundation. During the war Mr. Shaler served as secretary of the 
Commission for Relief in Belgium, and was decorated by the king for 
his services. 


The following letter was received by the Director of the U. S. Geol- 
ogical Survey from Dr. Beyschlag at Invalidenstrasse 44, Berlin, Ger- 
many: 

“On account of the sad financial conditions in our country the 
existence of the Zeitschrift fiir praktische Geologie, published by 
Krusch and myself, is at stake. Cost of printing and postage are 
so high that we shall be compelled to discontinue the Zeitschrift 
in a short time unless help comes. From requests . . ., I gather 
that there is a lively demand in America for the Zeitschrift, and 
that there is an interest in the existence of our publication, and that 
it is not unlikely that some subscribers can be obtained. Therefore, 
I would be especially thankful to you if you would endeavor to 
secure in the interested circles there a considerable number of sub- 
scriptions. The publisher could send the numbers regularly through 
the American Institute in Berlin so that there would be no postage. 
In this way you would render the Zeitschrift an extraordinary 
service and it might perhaps be possible to keep it alive. For our 
common strivings in the field of practical geology it would be 
calamitous if this Zeitschrift, after so long existence, was compelled 
to go under through financial difficulties. It is a good medium for 
scientific publications so that authors also would suffer through the 
passing of the publication. For your efforts in the interest of this 
matter, I pledge my highest thanks. 

“ Doctor BEYSCHLAG, 
“ President, 
“ Geologischen Landesanstalt.” 
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207 

Gladys Belle oil pool, Oklahoma, 31 

Glauconite, 417 

Glenn, L. C., on diamonds in Ar- 
kansas, 663; on oil sands at Burk- 
burnett, Texas, 247 

Gneisses, 639 

Gold in Victoria, 49; nuggety, 52; 
Telluride district, 688, 604 

Gold-quarts veins of Bridge River 
district, B. C., and their relation- 
ship to similar ore-deposits in the 
western Cordilleras (McCann), 


350 

Goldschmidt, V. M., On the meta- 
somatic processes in silicate rocks, 
105-123 

Gordon, C. H., on stylolitic structure, 
4iI 

Gossan, formation, 659 

Gossan Benches, Mount Bischoff, 164 

Gotebo oil pool, Oklahoma, 31 

Goudkoff, P. P., New aspects of the 
geology of the principal ore-bear- 
ing provinces of Siberia, 260-273 

Gould, C., on Mount Bischoff tin de- 
posits, 154 

Gould, C. N., on the Amarillo region, 
250 

Grabau, A. W., review of book by, 
222 

Graben, 235 

Graham oil pool, Oklahoma, 30 

Granite oil pool, Oklahoma, 31 

Granite peaks, New Mexico, 250 

Granite porphyry breccia, 92 
“Granite ridge” of Kansas, 235 

Granodiorite, fresh and altere d, anal- 
yses, 363, 365 

Granules of Biwabik formation, 414 

Graphite, origin, 55, 218 

Grass Valley, California, ore deposits, 
350 

Gray gneiss series, thickness, 650 

Greenalite, 4 

Greenalite granules, structures re- 
lated to, 416 

Gregory, H. E., on garnets in New 
Mexico and Arizona, 595 

Greisen, formation, 114, 115 

Grenville limestones, 648 

Grout, F. F., on sulphosalts of sil- 
ver, 606 

Grout, F. F., and Broderick, T. M., 
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on magnetite deposits of the Mesabi 
range, I, 410 

Gruner, J. W., Paragenesis of the 
martite ore bodies and magnetites 
of the Mesabi range, 1-14; discus- 
sion by D. H. Newland, 299; The 
origin of sedimentary iron forma- 
tions: the Biwabik formation of the 
Mesabi range, 407-460 

Gudgeon, C. W., on the Giblin lode, 
Mount Bischoff, 170 

Gunflint formation, 412 

Gypsum in Gulf coast salt domes, 
141 

Gypsum crystals, 91 


Hager, Lee, on Ordovician lime- 
stones, 247; on the Red River Arch, 


21 

Handbook for field geologists (re- 
view), 

Harder, E. C., on formation of hema- 
tite, 12; on the precipitation of 
iron, 436 

Hardyston quartzite, 532 

Hardystonite, 530, 555 

Harker, Alfred, on graphical methods 
in field geology, 572 

Harris, G. D., on lines of fracture, 
254 : 

Harris, J. E., on adsorption phe- 
nomena, 431 

Hayes, A. O., on 
416 

Hayes, C. W., review of book by, 69 

Healdton oil pool, Oklahoma, 30, 244 

Hematite, 2, 561; derived from limo- 
nite, 12 

Henrich, F., on the action of carbo- 
nated water on rocks, 433 

Henrici, A. T., on bacilli in chert, 
420 

Herman, H., on Mount Bischoff tin 
deposits, 155 

Hess, F. L., review by, 506 

Hewitt oil pool, Oklahoma, 30 

Hillebrand, W. F., analysis by, 363 

Hills, Loftus, on Mount Bischoff 
geology, 156 

Historical geology, southwestern 
Oklahoma, 18 

Hobbs, W. H., on earth lineaments, 


Wabana odlites, 


254 
Holmes, Arthur, review of book by, 
306; on lateritic deposits, 453 
Horsts, 235 
Hot springs in Bolivia, 204 
Hotchkiss, W. O., on the Gogebic 
range, 449 
Howell, J. V., Some structural fac- 


eT 


729 


tors in the accumulation of oil in 
southwestern Oklahoma, 15-33 
Humus acid, 422 
Huronian rocks, Mesabi district, 409 
Hurst, M. E., Rock-alteration and 
ore-deposition at Telluride, Colo- 
rado; 675-702; Supergene processes 
at Neihart, Mont., 382-388 
Hydrothermal mineral deposits, 292 
Hydrothermal replacement at Mount 
Bischoff, 177 
Hypogene minerals, Telluride dis- 
trict, 695 
Hypogene polybasite, 385 
Hypothermal mineral deposits, 293 


Igneous rocks as a source of precious 
stones, 586; of Broken Hill dis- 
trict, 476 

Ilmenite, 635 

Industrial companies and publication 
(Bateman), 295 

Inola weil, 243 

International Geological 
626 

Introduction to the study of minerals 
and rocks (review), 304 

Invasion of oil into a water-wet sand, 
Experimenial study of the (Skir- 
vin), 461 

Iron, combination with silica, 452; 
derivation from hot-lavas, 451; in 
natural waters, 421; organic and 
chemical precipitation, 457; precipi- 
tation of, 436, 444; residual of 
weathering, 452 

Iron bacteria, plate facing 422 

Iron metasomatism, 113 

Iron ores of Bilbao, Almeria, and 
Santander, 602; of New Jersey, 
magnetic, origin, 633 

Iron ores, The sedimentary phases 
of the Adirondack magnetic (Na- 
son), 633 

Iron sulphide, formation, 440 

Tron-depositing bacteria, 392 


Congress, 
> 


Jaquet, J. B., on the geology of the 
Broken Hill lode, 489 

Jensen, H. I., discussion by, 55 

Johnson, R. H., on the accumulation 
of oil and gas, 467 

Johnston, R. M., on Mount Bischoff 
tin deposits, 154 

Johnston, S. J., review of book by, 
398 

Julien, A. A., on humus acid, 422 

Juneau, Alaska, ore deposits, 350 

Junner, N. R., on Victorian gold de- 
posits, 49 
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Kahlenberg, L., and Lincoln, A. T., 
on solution of silicates, 442 

Kalkowsky, E., on rogenstein, 615 

ae F., on the Amazon River, 454, 


Kayser, H. W. 
tin deposits, 

Kembang beds, 328 

Kemp, J. F., on acid pegmatite at 
Franklin, 525; on origin of Frank- 
lin zinc ores, 562 

Kemp, J. F., and Newland, D. H., on 
Adirondack gabbro, 635 

Keys oil sand, 29 

Kimberlite, 672 

Kirghiz steppes, rocks and ore de- 
posits, 261 

Kittatinny limestone, 532 

Knopf, Adolph, on albitization at 
Eagle River, 360 

Knox, H. H., An effect of climatic 
change on the superficial altera- 
tion of ore deposits, 655-661; on 
an instance of secondary impover- 
ishment, 656 

Knox, J. K., on a granite peak 
New Mexico, 250 

Koetei oil district, Borneo, 325 

Kokscharow, N. von, on the color of 
topaz, 508 

Kimmel, H. B., on the Franklin lime- 
stone, 520 

Kunz, G. F., on Arkansas diamonds, 
673; on gem-bearing pegmatites of 
California, 588 

Kunz, G. F., and Washington, H. S., 
on diamonds in Arkansas, 663, 674 

Kuznetski-Alatau region, rocks and 
ore deposits, 264 

Kyropoulos, S., on silica gel, 616 

Kyshtim copper deposits, 656 


, on Mount Bischoff 


Labuan, coal measures, 341 
Lacroix, A., on gems of Madagascar, 


589 

Lahee, F. H., on baraboos, 236 

Lamprophyre, 92 

Laney, F. B., and Livingston, D. A., 
review of book by, 145 

Larsen, E. S., review of book by, 303 

Laterites, 453 

Launay, L. de, on the mineral re- 
sources of Siberia, 260 

Lavas, association with chert, 447 

Lawton oil pool, Oklahoma, 31 

Lee, W. T., on granite in wells in 
eastern New Mexico, 249 

Lehrbuch der Mineralogie (review), 
624 


Leith, C. K., review of book by, 60; 
on greenalite granules, 416; on 
magnetite of Mesabi range, 1; on 
the origin of greenalite, "446. 

Leitmeier, H., on the action of car- 
bonated water on rocks, 433 

Leucopheenicite, 539 

Leuhner, V., and Merrill, H. B., on 
the solubility of silica, 450 

Levat, D., on gems of Madagascar, 
589 

Lewis, J. V., review of book by, 146, 
225 

Lime metamorphism, 112 

Limonite, 3, 10; in outcrops, 705 

Lindgren, Waldemar, A recent de- 
posit of a thermal spring in Bo- 
livia, 201-206; A suggestion for the 
terminology of certain mineral de- 
posits, 292-294; on formation of 
adularia, 110; on metasomatic proc- 
esses, 685; on the occurrence of 
ore deposits, 355; on zonal distri- 
bution of ores, 47 

Lindgren, Waldemar, and Bastin, E. 
S., The geology of the Braden 
mine, Rancagua, Chile, 75-99 

Link, G., on odlites, 413 

Lithobathyc lines, Oklahoma, 2 

Livingston, D. A., and Laney, F. B., 
review of book by, 145 

Loco oil pool, Oklahoma, 30 

Logs of diamond drill holes, 641, 644 

Longwell, C. R., and Waters, E. O., 
on determining dip and strike, 207 

Losee gneiss} 524 

— Mountaigt magnetite deposit, 
49 


Mabery, C. F., and Wesson, L. G.,, 
on organic nitrogen bases in petro- 
leum, I0I 

McCallie, S. W., on Clinton ore 
granules, 416 

McCann, W. S., The gold-quartz 
veins of Bridge River district, B. 
C., and their relationship to similar 
ore-deposits in the western Cordil- 
leras, 350-360 

McCourt, W. E., on diamonds in Ar- 
kansas, 663 

McCoy, A. W., on folding in Okla- 
homa and Kansas, 254; on oil ac- 
cumulation, 255, 275, 468 

Maclaren, M., on the origin of later- 
ites, 453 

Madagascar, gem production, 589 

Magmatic mineral deposits, 293 

Magnesia metasomatism, I12 
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Magnetic iron ores, The sedimentary 
phases of the Adirondack (Nason), 
633 

Magnetic iron ores of New Jersey, 
origin, 633 

Magnetite, 300, 561; Mesabi range, 
1; Mine Hill at Franklin, 570 

Manganese, 205 

Mansfield, G. R., review by, 398 

Manual of determinative mineralogy 
(review), 146, 255, 716 

Maps—Borneo, 317; Braden “ ‘ crater, 
78; Broken Hill district, N. S. 
478; gem localities, 578; Kansas, 
Oklahoma, Texas, and New Mex- 
ico, showing buried hills and ridges 
in relation to uplifts, 234; Koetei 
oil district, Borneo, 325 ; Lithobathyc 
chart of southwestern Oklahoma, 
25; Principal ore-bearing prov- 
inces of Siberia, 262; Southwestern 
Oklahoma, anticlinal and synclinal 
axes, 27; Tarakan and Miri oil dis- 
tricts, 334 (see also Geologic 
niaps ) 

Maps, reducing to scale in field, 219 

Marcasite, 184 

Marsh, Robert, Jr., discussion by, 
498 

Martite in Adirondacks, 301 

Martite ore bodies and magnetites of 
the Mesabi range, Paragenesis of 
(Gruner), I 

Mauney Mine, 673 

Mellor, E. T., Some present day as- 
pects of the mining industry in 
South Africa, 128-131 

Mentawir beds, 328 

Merrill, G. P., on weathering, 452 

Merritt, J. W., on conglomerate in 
Healdton field, 246 

Mertie, J. B., Jr., Analysis of struc- 
ture below an unconformity, 572- 
57 

Mesabi range, cross section, 8; ore 
bodies, 1 

Mesothermal mineral deposits, 293 

Metamorphic ore deposits, 294 

Metamorphism, Adirondack gabbros, 
634; Broken Hill district, 479 

Metasomatic processes, Bridge River 
district, 359; classification, 108 

Metasomatic processes in_ silicate 
rocks, On the (Goldschmidt), 105 

Metasomatism, definition, 105; diffu- 
sion in, 607; physico-chemical the- 
ory, 118 

Microchemical tests on pyrrhotite, 
492 


Microérganisms in chert, 415, 417 
Microphotographs (see Photomicro- 
graphs) 

Microscopic determination of non- 
opaque minerals (review), 303 
Mid-Continent oil field, Possible 
origin of some of the structures 

of (Monnett), 194 

Mid-Continent region, geolo 
structure, 235 

Mid-Continent structures, origin, 253 

Migration and accumulation of oil 
and gas, 389 

Migration of oil up low-angle dips, 
Some Aer agin experiments on 
the (Dodd), 2 

Millen, J. D., on , Bischoff tin 
deposits, 155 

Miller, W. G., discussion by, 709; re- 
view by, 144 

Miller oil sand, 29 

Millikan, C. V., on the folds of 
Osage County, Oklahoma, 252 

Mills, R. V. A., on the accumulation 
of petroleum, 275 

Mine Hill ore body, 534 

Mineralization, Braden mine, 79, 84, 


ic 


gg 


90 

Minerals at Mount Bischoff, sequence, 
178; of Juneau, Bridge River, 
and Grass Valley districts, 357 

Mineville iron ore deposit, 649 

Mining industry in South Africa, 128 

Mining operations of Braden Cop- 
per Company, 98 

Miri oil field, 339 

Miser, H. D., on Llanoria, 246 

Miser, -H.--D. and Ross; ‘C.. S. 
Diamond-bearing peridotite in Pike 
County, Arkansas, 662-674 

Moeara Djawa beds, 328 

Monnett, V. E., Possible origin of 
some of the structures of the Mid- 
Continent oil field, 194-200 

Montgomery, A., on Mount Bischoff 
tin 5 eae 154 

Moore, E. J., on iron in swamp water, 


421 

Moore, E. S., on the Broken Hill 
lode, 474 

Moore, R. C., on oil in Oklahoma, 
15; on the Ardmore basin, 23 

Moore, R. C., atid Haynes, W. P., 
on basic igneous rock in Kansas, 
240 

Mootwingee series, 475 

Mount Bischoff tin deposits, Tasma- 
nia, The economic geology of the 
(Weston-Dunn), 153 

Mount Hope gneiss, 639 
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Movement of disseminated oil 
through water-sands, 286 

Miiller, R., on the action of carbon- 
ated water on minerals, 433 

Mumford, E. M., on precipitation of 
iron by bacilli, 457 

Munn, M. J., on the migration of oil, 
274, 289 

Murakami, Hanzo, review of book by, 


I 

Mi eay. J., and Irvine, R., on the 
action of organic matter in sea 
water, 433 

Murray, J., and Renard, A. F., on 
the formation of glauconite, 417 

Murray-Hughes, R., review by, 717 

Muscovite, 180 

Myrmekite, formation, 110 


Nason, F. L., The sedimentary phases 
of the Adirondack magnetic iron 
ores, 633-654; discussion of, 700; 
on the Franklin limestone, 520 

Natural gas, southwestern Oklahoma, 
31 

Negative elements of the earth’s 
crust, 236 

Neihart, Mont., Supergene processes 
at (Hurst), 382 

Nellie dome, Oklahoma, 28 

Nemaha Mountains, Kansas, 237, 253 

Nerchinsk mining district, rocks and 
ore deposits, 268 

New aspects of the geology of the 
principal ore-bearing ren of 
Siberia (Goudkoff), 260 

New Jersey magnetic ores, origin, 


33 

Newland, D. H., discussion by, 299; 
on foliated basic masses in crystal- 
line limestone, 522 

Nickel metasomatism, 113 

Niggli, Paul, review of book by, 
624; on names for ore deposits, 


204 

Niklas, H., on the action of humic 
acid, 423, 429 

Nishihara, G. S., on rate of reduc- 
tion of acidity of descending 
waters, 429 

Nitrogen compounds in Californian 
petroleum, 101 

Noetling, Fritz, on the amber of 
Burma, 507 

Nolan, T. B., review by, 307 

N on- — magnetite-bearing 
rocks, 

North, ert. and Bridenstine, I. J., 
discussion by, 392 


North Alluvial Face, Mount Bischoff, 
167 

Notes on the geology of the Broken 
Hill district (Andrews), 470 

Nugget, formation of, 53 

Nuggety gold, 52 


Occurrence of gypsum in Gulf coast 
salt domes, I4I 

Odén, Sven, on humus acid, 422 

Oehmichen, Hans, on Bohemian gar- 
net, 592 

Oil, accumulation in southwestern 
Oklahoma, 15; developments in 
British Borneo, 344; indications in 
British Borneo, 343; in Koetei dis- 
trict, 330; movement into a water- 
wet sand, 461; production in Koetei 
district, 331; on Tarakan Island, 
338 (see also Petroleum) 

Oil field waters, 102 

Oil fields, southern Oklahoma, 2 

Oil migration, experiments on, 27 

Okhotsk-Kamchatka district, ore de- 
posits, 273 

On the estimating of petroleum re- 
serves (De Golyer), 40 

On the metasomatic processes in sil- 
icate rocks (Goldschmidt), 105 

Odlites, formation, 413 

Ore-bearing provinces of Siberia, 
New aspects of the ge ology of the 
principal (Goudkoff), 260 

Ore-deposition at Telluride, Colo- 
rado, Rock-alteration and (Hurst), 


675 

Ore deposits, Broken Hill district, 
482; croppings of, 703; Franklin, 
N. J., 533 

Ore hunting, 139 

Ore-shoots, Bridge River district, 356 

Ores, zonal distribution, 46 

Organic matter, decaying, as solvent, 
422 

Origin of Adirondack magnetic ores, 
709; of Adirondack rocks and 
titanium-free magnetites, 651; of 
Biwabik formation, 446; of Broken 
Hill lode, 487; of graphite, 55; of 
Mid-Continent structures, 252; of 
Mount Bischoff tin deposits, 171; 
New Jersey magnetic ores, 633; of 
silver of Telluride district, 696; of 
Telbess iron ores, 266; of vein 
solutions, Bridge River district, 
366; of zinc ores, Sussex County, 
N. J., 562 

Origin of the Bilbao, Almeria, and 
Santander iron ores (van der 


Veen), 602 
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Origin of the sedimentary iron for- 
mations: the Biwabik formation of 
the Mesabi range (Gruner), 407 

Origin of the sinc ores of Sussex 
County, N. J. (Ries and Bowen), 


517 

Oram, Possible, of some of the 
structures of the Mid-Continent oil 
field (Monnett), 194 

Orthotectic deposits, 293 

Oxidation at the Braden mine, 96; 
in Telluride district, 686; under- 
ground, 102 


Paige, Sidney, review by, 60; review 
of book by, 69 

Palmer, Chase, Phosphorus in Cali- 
fornian petroleum, 100-104 

Palmer, Chase, and Bastin, E. S., on 
precipitation of silver, 696 

Palmer, H. S., on determination of 
dip, 371 

Pamaloeang beds, 327 

Paragenesis, zinc minerals, Frank- 
lin, N. ‘ 552 

Paragenesis of the martite ore bodies 
and magnetites of the Mesabi range 
(Gruner), I 

Parsons-Gant oil pool, Oklahoma, 2 

Patton, H. B., on the color of topaz, 
59 

Peat solutions, adsorption.by, 432; 
experiments with, 423, 443 

Pegmatite, 524 

Pegmatite injections, Broken Hill 
district, 481 

Pegmatites, gem-bearing, 587 

Penck, A., on Alpine glaciation, 660 

Pennsylvanian, Kansas, 239; south- 
western Oklahoma, 18 

Penrose, R. A. F., Jr., The Society 
of Economic Geologists: its sphere 
and its future, 124-127; Brief notes 
on the Thirteenth International 
Geological Congress, Brussels, Bel- 
gium, 626; on manganese near Gol- 
conda, Nevada, 205 

— N. M., review of book by, 


oe se Arkansas, 663, 666 

Peridotite, Diamond-bearing, in Pike 
County, Arkansas (Miser and 
Ross), 

Permian, southwestern Oklahoma, 18 

Petrographic methods and calcula- 
tions (review), 306 

Petrography of Arkansas peridotite, 
667; of Franklin ore bodies, 519, 
541 

Petroleum: a treatise (review), 502 


Petroleum, Californian, Phosphorus 
in (Palmer), 100 

Petroleum in Borneo (Redfield), 313 

Petroleum, production in Sarawak, 
346 (see also Oil) 

Petroleum; where and how to find it 
(review), 719 

Petroleum accumulation, 258 

Petroleum reserves, 132; estimating, 


40 ° 

Petrolia Hills, 247 

Petrolia unconformity, 246 

Phlogopite, 669 

Phosphorus in Californian petroleum 
(Palmer), 100 

Phosphorus metasomatism, 116 

Photographs of oil migrating through 
water-sand, 286, of vein quartz, 
plate facing 386 

Photomicrographs—augite diorite, 
plate facing 386; granules of Bi- 
wabik formation, plate facing 414; 
hematite ores, 9; hypaby ssal peri- 
dotite, Arkansas, 669; iron bac- 
teria and algae in chert, plate fac- 
ing 415; silver ore, 387; zinc ores, 
554 

Physico-chemical theory of metasoma- 
tism, 118 

Physiography of Borneo, 317; of 
3ritish Borneo, 339; of Mount 
Bischoff region, 155; of Tarakan 
district, 334; of Telluride region, 
676 


Pilfershire Mine, 644 

Pittman, E. F., on the Broken Hill 
lode, 473 

Plain geology (Smith), 34 

Plan of Mount Bischoff workings and 
dikes, 158 

Platinum deposits, Broken Hill dis- 
trict, 483 

Pneumatolysis at Mount Bischoff, 
174 

Pneumotectic deposits, 293 

Pochuck gneiss, 523 

Pogue, J. E., review of book by, 225 

Polished surfaces, action of peat 
solution on, 430 

Polybasite, 383, 688, 692 

Positive elements of the earth’s crust, 
236 

Possible origin of some of the struc- 
tures of the Mid-Continent oil 
field (Monnett), 194 

Potash (review), 398 

Potosi rhyolites and tuffs, 679 

Powell, W. B., on the peridotite of 
Arkansas, 663 

Powers, Sidney, Reflected buried hills 
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and their importance in petroleum 
geology, 233-259 

Prairie Creek peridotite area, 663, 667 

Prangat beds, 327 

Pratt, W. E., on Texas oil fields, 253 

Pre-Cambrian formations, Sussex 
County, N. J., 520 

Precious stones, annual value as to 
source, 582 

Precious stones, The geologic and 
geographic occurrence of (Ball), 
5 

Precipitation of iron, 436; of silica, 

2 

Precipitation diagram of iron solu- 
. tions, 438 

Price, W. A., General formule for 
the determination of thickness and 
depth of strata, 370-381 

Priddy oil sand, 29 

Production of crude petroleum on 
Tarakan Island, 338; of oil in 
Koetei district, 331; of petroleum, 
259; in Sarawak, 346; of precious 
stones, 576 

Profession of ore hunting, 139 

Propylitization, Telluride district, 685 

Prosopite, 182 

Protective colloids, 441 

Protractor for determining dip, 212 

Purdue, A. H., on peridotite in Ar- 
kansas, 663 

Purington, C. W., on fissuring in the 
Telluride district, 679; on the San 
Juan region, 675 

Pycnite, 175 

Pyrargyrite, 387 

Pyrite, 185, 558, 690 

Pyrite oxidation reactions, 657 

Pyritic quartz veins, 81 

Pyrometasomatic deposits, 203 

Pyrophyllite, 181 

Pyrrhotite, 183 

Pyrrhotite, Some etching tests on 
(Boydell), 491 


Quartz, 182; Telluride district, 689 
Quartz diorite, 78 

Quartzites, 477 

Queen lode, Mount Bischoff, 169 


Radium, uranium, and vanadium de- 
posits of southwestern Colorado 
(review), 506 

Ransome, F. L., reviews by, 60, 225, 
505; on fissuring in the Silverton 
district, 679; on radiolarian cherts, 

7 

Ravicz, L. G., on precipitation of sil- 

ver, 607 


Recent deposit of a thermat spring 
in Bolivia (Lindgren), 201 

Red beds of Oklahoma, 24 

Redfield, A. H., Petroleum in Borneo, 
313-349 

Red River arch, 21 

Red River syncline, Oklahoma, 23 

Red River uplift, 246 

Reducing maps to scale, 219 

Redwood, Boverton, review of book 
by, 502 

Reed, F. R. C., review of book by, 
144 

Reeves, Frank, on the Cement fold, 


22 
Reflected buried hills and their impor- 
tance in petroleum geology (Pow- 
ers), 233 
Reid, McIntosh, on formation of 
pyrophyllite, 181 
Replacement at Mount Bischoff, 171; 
of calcite and silica by iron, 440; of 
chert and hematite by jasper gran- 
ules, 7 
Reserves of petroleum, estimating, 
40 
Reviews— 
Abriss der Lehre von den Erz- 
lagerstatten (Beck and Berg), 


505 

Applied colloid chemistry; gen- 
eral theory (Bancroft), Mur- 
ray-Hughes, 717 

Bulletin No. 1, Idaho State Sur- 
vey (Livingston and Laney), 
Bradley, 145 

The coal catalogue combined 
with coal field directory for 
the year 1922 (Keystone Con- 
solidated Publishing Com- 
pany), Nolan, 3097 

Economic aspects of geology 
(Leith), Paige, 60 

The economics of petroleum 
(Pogue), Washburne, 225 

General economic geology: a 
textbook (Emmons), Singe- 
wald, 305 

Geology of the An-shan iron mine 
district, South Manchuria (Mu- 
rakami), Emmons, 714 

The geology of the British Em- 
pire (Reed), Miller, 144 

The geology of the Corocoro 
copper district of Bolivia 
(Singewald and Berry), 619 

Introduction to the study of min- 
erals and rocks (Rogers), Arm- 
strong, 304 
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Lehrbuch der Mineralogie 
(Niggli), Ford, 624 

Manual of determinative miner- 
alogy (Warren), Dane, 716 

A manual of determinative min- 
eralogy with tables for the de- 
termination of minerals, etc. 
(Lewis), Bayley, 146; Ran- 


The microscopic determination 
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Silica metasomatism, 117 

Silicate rocks, On the metasomatic 
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